OTC FILE COPY o O

DNA-TR-88-41

HEMATOPOIETIC STEM CELL AND ITS GROWTH FACTOR

S. M. Fu, M.D,, Ph.D.

Oklahoma Medical Research Foundation
825 NE 13th Street
Oklahoma City, 0K 73104-5005

16 February 1988 | DTIC

NOV 0 9 1988 % W

Technical Report Cﬁ
™M
LD CONTRACT No. DNA 001-84-C-0165
o0
o Approved for public release;
distribution is unlimited.
o
N
< THIS WORK WAS SPONSORED BY THE DEFENSE NUCLEAR AGENCY
' UNDER RDT&E RMC CODE B350084466 M K 00094 25904D.

Prepared for
Director
DEFENSE NUCLEAR AGENCY
Washington, DC 203051000 88 11 09 041}




Destroy this report when it is no longer needed. Do not return
to sender.

PLEASE NOTIFY THE DEFENSE NUCLEAR AGENCY
ATTN: TITL, WASHINGTON, DC 20305 1000, IF YOUR
ADDRESS IS INCORRECT, IF YOU WISH IT DELETED
FROM THE DISTRIBUTION LIST, OR IF THE ADDRESSEE
IS NO LONGER EMPLOYED BY YOUR ORGANIZATION.

oMa,
v

e,
N

~o

T AL S < © -




DISTRIBUTION LIST UPDATE

This mailer is provided to enable DNA to maintain current distribution lists for reports. We would
appreciate your providing the requested information.

O Add the individual listed to your distribution list.
O Delete the cited organization/individual.

O Change of address.

NAME:

ORGANIZATION:

OLD ADDRESS CURRENT ADDRESS

TELEPHONE NUMBER: )

SUBJECT AREA(s) OF INTEREST:

DNA OR OTHER GOVERNMENT CONTRACT NUMBER:

CERTIFICATION OF NEED-TO-KNOW BY GOVERNMENT SPONSOR (if other than DNA):

SPONSORING ORGANIZATION:

CONTRACTING OFFICER OR REPRESENTATIVE:

SIGNATURE:




Director

Defense Nuclear Agency
ATTN: TITL

Washington, DC 20305-1000

Director

Defense Nuclear Agency
ATTN: T'TL

Washington, DC 20305-1000



UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

I
REPORT DOCUMENTATION PAGE
1s. AEPOAT SECURITY CLASSIFICATION 1b. RESTRICTIVE MAAKINGS
UNCLASSIFIED
2. SECURITY CLASSIFICATION AUTHORITY 3. DISTRIBUTION/AVAILABILITY OF REPORT
N/A since Unclassified Approved for public release;
2. DECLASS!FICATION/DOWNGRADING SCHEDULE distribution is unlimited.
N/A since Unclassified
4. PERECAMING ORGANIZATION AEPORT NUMBER(S) 8. MONITORING ORGANIZATION AEPORT NUMBERIS)
DNA-TR-88-41
6a NAME OF PERFORMING ORGANIZATION b. OFFICE SYMBOL | 7a. NAME OF MONITORING ORGANIZATION
Oklahoma Medical Research r (11 applicadle; Director
Foundation Defence Nuclear Agency
6c. ADORESS (City. State and ZIP Coda) 70. ADDRESS (City, Stase end ZIP Code)
825 NE 13th Street
Oklahoma City, OK 73104-5005 Washington, DC  20305-1000
Ss. NAME OF FUNDING/SPONSORING 8. OFFICE SYMBOL |9. PROCUREMENT iINSTRUMENT IDENTIEICATION NUMBER
OMGANIZATION (11 applicable;
AFRRI/Luckett DNA 001-84~-C-0165
8c. ADORESS (City, State end ZIP Code) 10. SOURCE OF FUNDING NOS.
PROGRAM PNOJECT TASK WORK UNIT
ELEMENT NO. NO. NO. NO.
62715H M K DH008303

—
11. TITLE /inciude Securtty Clesstfication)

HEMATOPOIETIC STEM CELL AND ITS GROWTH FACTOR

12, PERSONAL AUTHOR(S)
Fu, Shu Man, M.D., Ph.D.

13a TYPE OF AEPOAT 130. TIME COVERED 14. DATE OF REPORT (Yr., Mo., Dey/ 15. PAGE COUNT
Technical smom 840309 o 870331 880216 84

18. SUPPLEMENTAARY NOTATION
This work was sponsored by the Defense Nuclear Agency under RDT&E

RMC Code B350084466 M K 00094 25904D.

17 COSATI CODES 18 SUBJECT TEAMS (Continue on reverse if necessery and identify by block number)
5I1€LD GAOUP SUB. GA. Rhesus Monkey
6 3 - Hematopoietic Progenitor Cells
5 4 = Monoclonal Antibodies

19. ABSTRACT rContinue On reverse if necesssry end iden tify by block number;

———> Rheusus monkey is a good experimental system for man in bone marrow transplantation.
Attempts were made to adopt the human progenitor culture system to the rhesus bone marrow.
Conditioned medium from phytoagglutinin stimulated human lymphocytes was suitable for the
growth of rhesus progenitors in the standard methylcellulose culture assay. The major
modification was the need to read BFU-E and CFU-GEMM at day 12 due to the degeneration of
cells in the colonies. Monoclonal antibodies against human nonlymphoid leukemia cell lines
which have reactivities against human progenitors did not show significant cross-reactivities
against the rhesus marrow. Monoclonal antibodies to rhesus bone marrow cells were made.
Although no antibodies specific for the stem cells were obtained, an antibody reactive with
lymphoid as well as more mature myeloid cells was useful to enrich for progenitor cells.

The bone marrow cells depleted of reactive cells to the monoclonal antibody was functional in
vivo in that they reconstituted the bone marrow of irradiated autologous and allogeneic
recipients. Monoclonal antibodies against rhesus T cells and B cells were also established.
These anti-bone marrow and anti-lymphocyte antibodies may be useful for further studies of

the rhesus model system. Kp \-'S\i. o1 LS H—"A br ‘ ('Lq I ‘f‘j\;) H 'Q,h\ﬁf'ﬁ“ij“? 32“\‘5:)

Y L= ;
20. OISTRIBUTION/AVAILABILITY OF ABSTRAC 21. ABSTRACY SECUAITY CLASSIFICATION
UNCLASSIFIED/UNLIMITED I SAME aS mer. (J oTic usens O UNCLASSIFIED
226. NAME OF RESPONSISLE INDIVIDUAL 220 TELEPHONE NUMBEN 22¢c. OFFICE SYMBOL
U de Area Code/
Sandra E. Young 20375%5-{083 DNA/CSTI
DD FORM 1473, 83 APR EDITION OF 1 JAN 73 1S OBSOLETE. UNCLASSIFIED
i SECURITY CLASSIFICATION OF THIS PAGE




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

ii

SECURITY CLASSIFICATION OF THIS PAGE

UNCLASSIFIED




SUMMARY

The work was undertaken to generate monoclonal antibodies against rhesus
hematopoietic progenitor cells and to use the human T-T hybridoma system to
determine the possibility to detect newer progenitor growth promoting activities.
Initially, the standard progenitor cell assay in methylcellulose semisolid medium with
the addition of erythropoietin and conditioned medium from human lymphocytes
stimulated with phytoagglutinin (PHA) was adopted for the rhesus marrow. The
human PHA-LCM was active to support rhesus BFU-E as CFU-GEMM progenitors.
Because of cellular degeneration, assays for progenitors of BFU-E and CFU-GEMM
were optimally read 11-12 days after the culture initiation. A panel of monoclonal
antibodies against human nonlymphoid leukemic cell lines were characterized. Some
of them were reactive wit?lgrogenitors of human CFU-GM and BFU-E. Except for
one monoclonal antibody HS, no significant cross-reactivity was detected in rhesus
marrow. Monoclonal antibodies to rhesus bone marrow cells were made. Over 1200
hybridoma supernatants were screened for their ability to stain rhesus bone marrow
cells. Although several mAb were thought to be of interest, the time consuming
and labor intense nature of the approach involving repeated cloning and assays
involved the studies of a few antibodies were carried out. One monoclonal
antibody, mAb BM25, was shown to be reactive with the majority of peripheral
mononuclear cells as well as the majority of the mature bone marrow cells.
Depletion of reactive cells from rhesus bone marrow enriched the number of
progenitor cells by 6-8 fold. Bone marrow depleted of BM25 ¥ cells was able to
reconstitute in autologous and allogeneic irradiated recipients. Another monoclonal
antibody SBA~73 was thought to be reactive with a stem cell fraction because SBA-
73 reactive cells contained the majority of the progenitor cells of BFU-E, CFU-
GEMM in initial 4 experiments. With additional 6 monkeys studied, only two of
them provide confirmatory results. Thus, the possibility that SBA"73 is polymorphic
may be accountable for the results. Monoclonal antibodies with pan T cells,
cytotoxic/suppressor T cell and B cell specificities were established. T64, an IgM
monoclonal antibody against pan T cells, was useful to deplete T cells from bone
marrow for allogeneic transplantation. Although the rhesus monkey is a good model
for bone marrow transplantation, the limited available bone marrow from a single
monkey makes it a difficult model for the generation of monoclonal antibodies
against stem cells. The use of the human T-T hybridoma system was encountered
with many difficulties. The marked instability of the T-T hybridomas made it a non
feasible experimental system.
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PREFACE

The experiments reported involved animals and bone marrow donors from
normal volunteers. The protocol for marrow donation was approved by the
Institutional Review Board of the Oklahoma Medical Research Foundation. Research
was conducted according to the principles enunciated in the "Guide for the Care and
Use of Laboratory Animals” prepared by the Institute of Laboratory Animal
Resources, National Research Council. Permission was obtained for use of

copyrighted material.

iv




m‘,“

TABLE OF CONTENTS

Section
SUIMIMATY.......iueiueeereereeratereritrsririeaseneriesnaressssesstorocmarnsrasnasnasnessseoses iii
19 (5 £ T TP PP TR iv
List of IHUStrations.........cc.veviiuiiuiiiniiuiiiieiriniereeerenennreernereernerseenns vi
List of Tables.....c.ocuviuiiniiniiiiiiiiiiiiiieiiiierereeieee et e ee e e e eaneness vii
1 INtrOQUCTION. ....ouiiiiiiiiiiiiiiiiiiiti i iiirreeereeenerernenesneneerenceerernessenensensnnns 1
2 ObJECHIVES. . ..iuiiniinieniiiiieietietieiineeiereeneenernesnvanrarensasssnesesnsrnsanensnnes 2
3 CONCIUSIONS. ....viiiiiiiiiiiiiiiiitir i crtereenereeeenreeenenerarnenrensesnesnsnannsnns 13
APPENDICES
A Monoclonal antibodies against human myelomonocytic celis: detection of
certain lineage-specific antigens on CFU-GM progenitor cells..............cccceunenenn. 15
B Monoclonal antibody K15 detects a 22 KD protein antigen on progenitor cells
of CFU-GM and BFU-E.........ccociitiiiiiiiiieniniiniiiieciereneetrnearaesnersrnsenesnesnenns 23
C Expression of platelet associated antigens by hematopoietic cells and their
PTOZCILOTS. .. euueuirtiniitiinereeutntenenernsnerassnsrasnssesensssssererestaerneneriesnsnnssssnesnns 45
NTIS crng o xf
DT t1ay . :
i, 3 - i ‘g' '
J iy oy 4 h ti
Qy )
o
Oirt Ny N !
o ;
A/
. !
v




Figure

A-1

A-2

B-2

B-3
C-1
C-2

C-3

C4

LIST OF ILLUSTRATIONS

ﬁgs to 75 kD glycoprotein precipitated by mAb H8 from
I-labelled MONOCYLES.......ccuvuruiriiiiniiiiniiiiiietiiecerererrrenrnruenerensanness

Fluorocytometric analysis of staining patterns of peripheral
blood granulocytes and monocytes with mAb H8, mAb U2 and
MAD ML143.. ..o iiiiiiiiiiiiiiectitittiiiiiereeestorectarraensansosnsnssereensaeserens

Staining patterns of bone marrow cells by mAb H8, mAb U2
and MAD ML143......c.oiiiiiiainiiiiiiiiiiciitatteteeneetenerneaernreesnernennenns

A 22 kD polypeptide precipitated by mAb K15 from 125]-
1abelled K562 CELIS........vveruverreiorieereeerseeeeeeseesseseseeseneeesesssnessueseseens

Fluorocytometric analysis of staining patterns of peripheral
blood nucleated cells by mADb K15.....coniiiiiriiiiieiiiiicereeriner e

Staining patterns of E*sIg- bone marrow cells by mAb K15.......................
Reactive antigens from HEL cells and platelets............ccoeeviieniiniinninnnnnnnn,

Fluorocytometric analysis of platelet staining by mAb H229,
H124, HA and HS......coiuiniiiiiniiiiniiieitiieniaceeiatcnsrnctarnennrerensnesncanennnns

Staining of lymphocytes, monocytes and granulocytes as
analysed by flow CYtOmMetIy.......oceuiviiuiiiiniiiiiiieiiiinirnteerieeieneeneneenenennnn.

Fluorocytometric analysis of staining patterns on small
E"slg” bone marrow cells by mAb H229, H124, H4 and HS........................

vi




— M

LIST OF TABLES

1 Formation of CFU-G, CFU-E and CFU-GEMM by bone marrow cells of

TheSUS MIODKCYS . ccviniiriiriirierernarsntrrenecnesssiostonesansessseossansaarssssonssonsos
2 Monoclonal antibodies against human nonlymphoid cell lines....................
3 Staining characteristics of monoclonal antibodies against

nonlymphoid cell lines........cccovveiiiiiiiiiiiiiiiiiiiiiiiiiciniiiina
4 Expression of antigens H8 and ML143 on BFU-E and CFU-GM as

determined by C-mediated 1ysiS.........cocoivviiieieiiiiiiiiiiiiiiiiniincieicninnenns
S Bone marrow CFU-GM progenitor cells expressed antigens H8 and U2

but not antigen ML 143; none of these antigens were expressed by

BFU-E PrOgemitors. ... cccvuieiuiiieitiniiiiniiiieneirntiieiisreienesssnsnensneoseenes
6 Expression of H229, H124, H4, HS5 and K15 antigens by bone marrow

o7 PPN
7 Expression of antigen H229, H124, H4, HS and K15 by BFU-E and

CFU-GM ProgenitorS...c.ouiutieinrirsriecisriacorercasstascsssssnssssasessesssasssansess
8 Reactivities of monoclonal antibodies against bone marrow and

peripheral blood mononuclear cells.............cocciuiiniiiiiiiiiiiiiiiiiiiinaan.,
9 Colony forming units are SBA~73, BM2S5, G65, G28 and G139 reactive

o 1t
A-1 Staining of peripheral blood cells by mAb H8, U2 and ML143.................
A-2 Reactivity of hematopoietic cell lines of diverse lineages to

mADb H8, U2 and ML143.........ccooiiniiiiniiiiiiniiiiiiiii e,

A-3 Reactivity of anti-monocyte-granulocyte mAb with acute myelocytic

and myelomonocytic and lymphocytic leukemia............cccvvveiuinencnenrnennnen
A-4 Antigen ML143 is expressed on Con A-activated T cells..........ccocevveneeen..
A-5 Bone marrow cells reactive with anti-monocytic-granulocyte antibodi........
A-6 Antigenic expression by two populations of bone marrow cells resolved

by light-scattering analysis............c.ccoeuiiuineinirieuninnenreniienieecneeceneenenne

A-7 Expression of antigens H8 and ML 143 on BFU-E and CFU-GM as
determined by C-mediated 1ysis..........ccovviinerininiiincriinirenieenenrennnennn.

A-8 Bone marrow CFU-GM progenitor cells expressed antigens H8 and

U2 but not antigen ML143; none of these antigens were expressed
by BFU-E PIOZeMItOrS....ovuiuerniiiiiiiuinirniereeenriernnenrncsoneesnerersosoeusennns

vii




LIST OF TABLES (CONTINUED)

Expression of K15 surface antigen by peripheral blood cells and
thymocytes detected by flow cytometry with mAb K15..........coceceenennne.n.

Immunofluorescencce staining of leukemic cells and cell lines of
various hematopoietic lineages by mAb K15..........ccoovviiiiiiiiviininnnnn.n.

Expression of K15 antigen by normal bone marrow cells as detected
DY MAD KIS, .ottt rcteceeeeetetetenensanrneaaeneneas

Expression of the K15 antigen by two populations of bone marrow (BM)
cells by light scattering analysis..........ccccovviniiiiniiiiiiiiiiiiiiiininininans

K15 antigen is expressed on progenitor cells of CFU-GM and BFU-E.......
Enrichment of progenitor cells of BFU-E with monoclonal antibodies.......

Antigenic expression by peripheral blood cells and thymocytes as
detected by anti-HEL MAD..........cccoiiiiiiiiiniiiniiiiiiiiiiniiniecenenenanenes

Antigenic expression of H124 and HS by resting and activated T
and non-T Cells........ocoeuiiiniiniiiiiiiiiii e

Antigenic expression by various hematopoietic cell lines........................
Staining of leukemias of different lineages by anti-HEL mAb.................
Expression of H229, H124, H4 and HS antigens by bone marrow cells......

Antigenic expression by two populations of bone marrow cells
resolved by light scattering analysis.........ccoevviiiiinrenieiineeiininnenennnnnnnen.

Expression of H124 on BFU-E progenitors and H5S on CFU-GM
progenitors respectively as demonstrated by complement (C*)

Y OLYSIA. . v tiueninenierceeienrecaruenenesenrecerernrncsencnenrseessasasasusnraenensncnens

Expression of antigen H229, H124, H4 and H5 by BFU-E and
CFU-GM PrOgemitors.....ccueuniuiiniueinreninirureniurrnrarenerssncecrnenernenneneneens

viii




m———-'f v v

SECTION 1
INTRODUCTION

The work undertaken was to identify hematopoietic stem cells and their growth
factors in rhesus monkey. The rhesus monkey model has been considered to be an
excellent one for human bone marrow transplantation. The approach was to use
monoclonal antibody technology to generate antibodies reactive with rhesus monkey
T cells and bone marrow cells. These antibodies may be useful in the identification
of stem cells as well as in the treatment of bone marrow to avoid the clinical
troublesome graft vs. host disease. Newer B cell growth and differentiation factors
L have been generated by human and murine systems by T-T hybridoma technology.

It was hoped that human T-T hybridomas with stem cell growth promoting activities
could be generated.




mj v— A —

SECTION 2
OBJECTIVES

2.1 ESTABLISH IN VITRO CFU-GEMM ASSAY FOR RHESUS MONKEY BONE
MARROW.

We were able to generate conditioned medium which was able to support the
CFU-GM, BFU-E and CFU-CGMM generation by the human bone marrow in
rmethylcellulose with the addition of erythropoietin. The conditioned medium was
generated by stimulation of pooled human mononuclear cells from peripheral blood
with 1% PHA. It was determined that supernatants from day 1, 3 and § cultures
were equally active when added in the final concentration of 5%. This conditioned
medium will be referred to as PHA-LCM.

2.1.1 METHODS.

The assay method was that described by Ash, ¢t al. (Ash, R.C., Detrick, R.A.
and Zanjani, E.D., Blood 5§8:309, 1981). The bone marrow cells were suspended in
Iscove modified Eagles medium with 0.9% methylcellulose, 30% fetal bovine serum of
a selected lot from Hyclone (Logan, Utah), and 10% PHA-LCM; 5x10™° M 2-
mercaptoethanol and 1 | of erythropoietin. Cultures were set up in quadruplicate
with cell densities at 10° and 10 per plate of 35mm plastic dishes. We were able
to isolate the colonies by picking them with thinly drawn Pasteur pipettes under
microscopic examination. The cells in the colonies were stained and the cell
lineages were determined.

2.1.2 RESULTS.

After examining 164 colonies, a good correlation between the morphology of
the colonies and the cell types seen in the smear was established. We could
reliably identify the mixed cell nature of the CFU-GEMM under 100-200X
magnification. This culture condition was used with rhesus bone marrow aspirated
from the femur or the iliac crest. The results of three experiments are summarized
in Table 1. Several points have emerged from these studies.

Table 1. Formation of CFU-G, CFU-E and CFU-GEMM by bone marrow cells of
rhesus monkeys

Monkey Identification Number of Colonies/10° Cells Plated

Number CFU-G CFU-E CFU-GEMM

32 78 125 72
(76,99,65) (100,120,110,170) (55,60,70,73)

33 31 54 33
(25,32,36) (46,56,60) (55,35,23,18)

38 0 <6 11

(39,54) (8.14)

In the human system, BFU-E and CFU-GEMM assays are counted 14-21 days
after plating the cells. When we counted the monkey bone marrow cultures at day
14, degenerative cells were noted. By day 21, most cells except for histocytes were
degenerated and the colonies could be accurately read. We determined that day 11
or 12 would be appropriate days for counting BFU-E and CFU-GEMM in the rhesus
system.

2
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We compared the conditioned medium generated by PHA stimulation and mixed
lymphocyte reaction of peripheral blood mononuclear cells from monkey and man.
In general, the conditioned medium, PHA-LCM from human was more superior in
these assays. Because of the convenience and less expense involved in obtaining
leukopaks, human PHA-LCM was used in subsequent experiments. We also tried to
determine whether different leukopaks grovided more potent LCM. In two efforts
to generate PHA-LCM, we found both batches had comparable activities. We
generated PHA-LCM from several leukopaks, allogeneic mixed leukocyte reaction may
play some role in the generation of growth factor promotion activities.

The number of colonies varied from one monkey to another. Repeated cultures
from a single monkey indicated similar variation from one aspirate to another. The
exact explanation was not apparent. It was likely due to varying amounts of
contaminating blood. It is evident that variations between plates of the same bone
marrow specimen occured. It was also apparent that only a limited number of
aspiration from a young monkey could be done with good yield. This is a major
limi]t;t;?n when a large amount of bone marrow is needed for assaying monoclonal
antibodies.

2.2 CHARACTERIZATION OF MONOCLONAL ANTIBODIES AGAINST
HUMAN NONLYMPHOID LEUKEMIA CELL LINES AND THEIR
CROSS-REACTIVITY WITH RHESUS BONE MARROW CELLS.

We generated and characterized eight monoclonal antibodies against buman
nonlymphoid leukemia cell lines. These antibodies were selected from over 2000
hybridomas by their reactivities against rather restricted cell populations. The
antibodies are listed in Table 2 and Table 3 summarized their staining
characteristics. Several cell populations of purity greater than 90% were isolated
from peripheral blood. ML143, K15, H8, U2 and HS were expressed on monocytes
and granulocytes. H5 and K15 had broader cellular distribution. Four antibodies,
H4, HS5, H124 and H229 stained platelets. Only H124 was expressed by mature

erythrocytes.

H8, U2, H5 were expressed by CFU-GM progenitor cells. K15 and H124 were
expressed by both CFU-GM and BFU-E progenitor cells. The remaining four
antigens were not expressed by either progenitor cells. It was of some interest
that both K15 and HS were selectively retained b{ mature cosinophiles but not by
other granulocytes. These results were obtained by the isolation of cells either
reactive or nonreactive with the bone marrow cells by an immune rosette method or
by the depletion of reactive cells by mAb plus complement when the monoclonal
antibody was able to fix complement.

2.2.1 METHODS.

Bone marrow cells were obtained from normal volunteers. They were separated
by Ficoll-Hypaque density centrifugation to remove efytbrocytes and mature
granulocytes. In the immune rosette method, 2 x 10/ bone marrow cells were
incubated with the supernatant containing the mAb under investigation for 30
minutes at 4°C. After three washings with RPMI 1640 and 10% FBS, the bone
marrow cells were incubated with 10% human AB red cells coated with F(ag’))
fragments of affinity purified goat antibodies specific for mouse Ig for
30 minutes at 4°C. The rosetting cells were separated from the non-rosetting cells
by Ficoll-Hypaque centrifugation. The red cells in the pellet were lysed with
buffg,red (NH4)2S04. For the complement mediated cytolysis procedure, 0.5 mi of 2
x 10//ml of bone marrow cells were incubated with 0.5 ml of Hybridoma culture




Table 2. Monoclonal antibodies against human nonlymphoid cell lines
Monoclonal Antibodies Molecular Weight Ig Class Immunogen

ML143 145/180KD IgM ML-I
(A myelogenous
leukemia line)
K15 21KD IgG3 K562
(A CML in blast crisis
line, erythroid)
H4 140-100KD IgG2b HEL
(An erythroleukemia
cell line)
HS 26KD IgG2b HEL
H8 65-74KD I1gG2 HEL
H124 95/150KD IgM HEL
H229 62KD IgG2b HEL
L U2 180-190KD IgG1 U937
(A histocytic lymphoma
line)

Table 3. Staining characteristics of monoclonal antibodies against nonlymphoid

cell lines
Antibodies  Granulocytes  Monocytes Lymphocytes Erythrocytes Platelets
M143 > 90% 40-60% neg neg neg
K15 neutrophils: >90% >95% neg neg
lelc‘:.ginophils: +

H4 weakly + >90% neg neg ++
H HS 5-15% >95% 10-20% neg ++

H8 >95% >95% neg neg neg
i H124 neg neg <10% ++ ++

H229 neg neg neg neg + 4+

U2 >90% >95% neg neg neg




supernatant for 30 minutes at 37°C. 1.0 ml of baby rabbit complement (Pel Freez
Biologicals, Rogers, AR) was added and the mixture was incubated for 45 minutes at
room temperature. Dead cells were removed by centrifugation on a Ficoll-Hypaque
gradient. Bone marrow cells were cultured in quadruplicates in Iscove’s modified
Dulbecco’s medium containing 0.9% methyl-cellulose, 10% conditioned medium from
human peripheral blood leukocytes stimulated with phytohemagglutinin (PHA-LCM),
30% FBS. One unit of erythropoietin (sheep fraction III Connaught, Toronto, ONT)
was added to each glate. BFU-E were scored as hemoglobin-containing single or
multiple colonies o freater than 64 cells on the 14th day. This culture also

allowed CFU-GM colony formation. CFU-GM were scored as colonies of greater
than 40 cells on the 14th day.

2.2.2 RESULTS.

The studies on mAb ML143, H8 and U2 have been published (Takaishi, T. and
S.M. Fu, J. Immunol. 135:1523, 1985; see Appendix A, this report). Tables 4 and 5
summarize the data which show that H§ and U2 were expressed on CFU-GM.
ML143 was not expressed on CFU-GM. None of these three antibodies were
reactive with BFU-E progenitors.

Table 4. Expression of antigens H8 and ML143 on BFU-E and CFU-GM as
determined by C-mediated lysis

Number Colonies/10° Cells Plated

Experiment % Dead Cells BFU-E CFU-GM
. Untreated 0.9 88.5 + 14.02 458 + 7.0
C alone 1.1 105.8 + 3.5 520 £ 6.7
mAb H8 + C 22.3 84.0 + 14.8 4.7 + 0.5
. Untreated 0.8 59.0 £ 11.0 70.7 £+ 14.6
C alone 0.9 49.0 £ 13.0 60.0 + 7.1
mAb H8 + C 36.1 74.0 £ 13.1 0
. Untreated 2.9 88.0 + 14.0 46.0 + 7.0
C alone 2.8 106.0 + 4.0 520+ 7.1
mAb ML143 23.6 80.2 + 20.3 50.2 + 15.7
. Untreated 1.8 2425 + 12.2 76.2 + 6.3
C alone 23 224.1 £ 354 834+ 53
mAb ML143 53.9 311.0 + 36.7 155 + 19.5

3Data are presented as the mean + standard deviation of quadruplicate plates.
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Table 5. Bone marrow CFU-GM progenitor cells expressed antigens H8 and U2 but
not antigen ML143; none of these antigens were expressed by BFU-E

progenitors
Bone Marrow BFU-E/105Cells Plated CFU-GM/105Cells Plated
Cell Type I I I I
Unseparated 630 + 652 275+ 16 100 + 11 77 £ 15
H8t 53+ S S8+ 11 160 + 27 111 + 23
HS§" 677 + 38 225 + 27 28+ 5 12+ 1
HLA-DR*+ 539 + 153 522 + 132 125+ 2 120 + 7
HLA-DR" 3+ 2 1+ 1 1+ 0 2+ 1
Unseparated 459 + 27 380 + 23 9 + 10 77 + 12
U2t 23 + 16 26 + 21 206 + 54 137 + 14
u2- 441 + 61 419 + 58 40 + 16 32 + 17
HLA-DR* 1493 + 98 1396 + 246 461 + 127 191 + 39
HLA-DR- 94+ 8 3+ 5 5+ 4 1+ 1
Unseparated 192 + 28 213 + 27 65 + 15 93 + 19
ML143+ 68 + 19 55 + 11 16 + 13 32+ 7
ML143" 283 £+ 21 239 + 37 95 + 13 129 + 23

AData are presented as the mean + standard deviation of quadruplicate plates.

Bone Marrow cells which were isolated by the immune rosette method were
stained by Wright-Giensa staining and the reactive cells were identified. The
results showed that mAb H8 and U2 were reactive with myeloid lineage cells at
different stages of development. ML143 was reactive with more mature cells and
only a subpopulation of myeloblasts was stained. None of these antibodies were
reactive with erythroblasts and megakaryocytes. These resuits agreed with the data
in Tables 4 and 5. ML143 was also reactive with ConA activated T cells while H8
and U2 did not. The diffuse bands brought down by ML143 would suggest that it
was reactive with a carbohydrate portion of glycopeptides. Thus, H8 and U2 are
myeloid lineage specific.




K15 and H124 are expressed by CFU-GM and BFU-E. K15 is a 21KD antigen.
mAb H124 brought down a band at 130KD from platelets and a complex of 140-
150KD/90-94KD from HEL celis. Because of the unusual reactivity and the
possibility that the active site was a carbohydrate, with the help of Dr. L.R.
Lamontague of Chembiomed Ltd., Edmonton, Alberta, Canada its active site was
shown to be aFUC(1-2) BGal(1-3) BGal. HS is a 26KD antigen. It was expressed on
monocytes as well as platelets. It was expressed by CFU-GM. H229 is a 62KD
platelet antigen. It was not expressed by CFU-GM or BFU-E. mAb H4, HS, H124
and H229 were reactive with megakaryocytes but not with immature or mature
myeloid cells. Table 6 and 7 summarize these data. Two manuscripts characterizing
these five monoclonals in detail are provided as Appendix B and Appendix C, this
report. Although these five monoclonals were well characterized, they were
considered not novel.

Table 6. Ex sv.:ssion of H229, H124, H4, HS and K15 antigens by bone marrow
Monoclonal Antibody
Cell Type H229 H124 H4 HS K15
Megakaryocyte + + + + -
Myeloblasts - - _ + ++
Promyeloblast - - - - +
Myelocyte - - - - -
Metamyelocyate - - - - -
Neutrophile - - - - -
Eosinophile - - - + +
Erythroid - blast - + - - -
Erythroid - nucleated - + - - -
Lymphocytes - resting — + - - +
Lymphocytes - activated
Monocyte - - + + +

The antibodies listed in Table 2 were used to stain rhesus monkey marrow cells
which were depleted of T cells or mature cells reactive with SBA. Except for HS
which stains rhesus marrow cells significantly, none of them were reactive. This
panel of antibodies lacks cross-reactivity, and a more direct approach to make
monoclonal antibodies to rhesus marrow cells was used.
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Table 7. Expression of antigen H229, H124, H4, HS and K15 by BFU-E and
CFU-GM progenitors.

Bone Marrow BFU-E/10° Cells Plated CFU-GM/103 Cells Plated
All Types I I I 11
Unseparlted 2754163 358441 77415 117435
H229 53%19 36+7 28%9 12311
H229" 340458 452429 78+19 132£19
HLA-DR+ 5224132 1079162 12047 343411
HLA-DR" 1+1 3+1 241 332
Unseparated 358 +41 459-27 117435 96+10
H124% 1077175 1720+369 2448 24%3
H124" 53427 1+1 122450 118427
HLA-DR+ 1079462 1493 +98 34311 4614127
HLA-DR- 3+1 948 332 5+4
Unseparated 242412 358+41 76+6 117435
H4+t 2845 66+10 1745 1712
H4" 327424 444471 115+22 153+ 12
HLA-DRt 303424 1079462 142£19 343+11
HLA-DR" 23+4 3%1 2+1 332
Unseparated 459427 380423 96+10 77+12
HS+ 60422 28412 296+ 67 9047
HS" 453122 383422 22%17 2243
HLA-DR+ 1493498 13964246 461+127 191439
HLA-DR" 948 345 5+4 1+1
Untreated 459427 -b 96+ 10 -
K15+ 1425+88 - 311485 -
K15° 10114 - 1512 -
HLA-DR+ 1493498 - 4611127 -
HLA-DR- 318 -- 5+4 -

aData were presented as the mean + standard deviation of quadruplicate

bNot done

2.3 USE MONOCLONALANTIBODIESAND IMMUNE ROSETTE
DEPLETION TO OBTAIN A STEM CELL ENRICHED
POPULATION AND ISOLATION OF THE STEM CELLS.

2.3.1 METHODS.

Five fusions were performed with either unseparated bone marrow or SBA-
bone marrow cells as immunogens. In general, we ,ysed BC3Fj mice of ten to
twelve weeks of age. Immunization was w1th 2x107 cells per mouse with alum as
adjuvant by the i.p. route. Three weeks later, 2x107 cells in saline was used for
i.p. injection. Three days later, spleen cells were fused with SP2/0 cells and
hybridomas were selected in HAT. In general, 10 plates of 96 micro wells per plate
were set up for each fusion and two mice were used for each antigen. Over 1200
hybridoma supernatants were screened. The supernatants were screened on bone




marrow and peripheral blood from four monkeys by indirect immunofluorescence with
an Epic V instrument (Coulter, Hialeah, Florida). By light scattering analysis, both
peripheral blood and bone marrow cells were resolved into two populations. In the
case of peripheral blood mononuclear cells, they can be resolved into lymphocyte

and monocyte fractions by forward angle and 90° angle light scattering analysis. In
the case of bone marrow cells, two populations were arbitrarily termed “small and
large”. The "large cells” contained mature as well as immature myeloid cells which
were identified by anti-myeloid antibodies in the case of human marrow.

2.3.2 RESULTS.

Approximately 10% of the cells expressed HLA-DR. The "small” cell population
contained lymphoid cells and cells express nonlymphoid markers. In this analysis,
similar cellular light scattering patterns were assumed regarding rhesus bone marrow
cells. Table VIII summarizes several monoclonal antibodies of interest. T11 which
is now termed identified as CD2 in man is a T cell marker. However, it can be
utilized as a lymphocyte marker as well. Thus, in the monocyte fraction only 3.6%
of the cells stained for CD2. Similarly, there was only 18% T cell contamination in
the small cells of the bone marrow. On the basis of staining, mAb SBA-73, BM25,
G28, G6S and G139 were selected for further studies to determine whether they
were useful in the identification of stem cells and their enrichment.

Table 8. Reactivities of monoclonal antibodies against bone marrow and
peripheral blood mononuclear cells

Bone Marrow Peripheral Blood Mononuclear
Monoclonal Antibodies Small? Large Lymphocytes Monocytes
Control 0.6° 4.9 0.9 4.0
T11 18.1 5.2 68 3.6
Anti-DR not done 30 28
SBA™73 16.4 2.0 1.2 4.6
SBA™24 15.0 2.0 6.6 15
G139 25.4 100 1.2 6.2
G238 14.5 100 85 100
BM25 6.4 100 7.0 100
G65 2.0 100 1.6 100
G85 30.4 1.2 48.0 100
G34 59.02 100,weak 100 100

4The bone marrow cells after Ficoll/Hypaque separation can be resolved into two
populations by light scattering.

by positive cells




Table 9. Colony forming units are SBA~73, BM25, G65, G28 and G139 reactive

cells

Experiment 1 Experiment 2
Cell Population CFU .glﬁl lB F[(J:fél P(l:atF%s_)GEMM gx%-lGMCcll Platg;_)u E
SBA*"73 reactive 140,160 60,50 10,20 30,30 30,10
SBA-73 nonreactive 5,0 0,0 1,0 24 0,0
BM2S reactive 0 0 0 -2 -
BM2S5 nonreactive 43 60 155 - -
G28 reactive - - - 30,40 10,20
G28 nonreactive - - - 30,90,40,80 60,40,30,60
G6S reactive - - - 10,40,20 30,30,30
G65 nonreactive - - - 150,130 60,110
G139 reactive -- - - 60,50,70,50 30,30,30,20
G139 nonreactive -- -- - 123,90,170, 40,40,10,70

aNot done

Table 9 shows that mAb BM25 would be useful for the negative selection of
bone marrow cells enriched for stem cells. mAb SBA™73 was a candidate specific
for stem cells. BM25 and SBA-73 were cloned either twice or three times on soft
agar. The hybridoma was considered stable when all the clones were positive for
the cell populations as the original supernatant. Regarding mAb SBA™73, two
further experiments were done. One was confirmatory while the other showed CFU
to be in the SBA~73 negative fraction. With additional four monkeys, CFU-c was
assayed. Only one out of the four showed CFU predominantly in the SBA™73
reactive cells. Thus, bone marrow from only two out of six additional monkeys
tested confirmed the results listed in Table 9. In addition, in the monkeys in which
SBA-73 reactive bone marrow did not contain CFU progenitor cells, CFU were
present in larger numbers in the SBA~73 nonreactive fraction than in the
unseparated bone marrow cells. The g:flanation for these results is not readily
apﬁarent. It might be due to the difficulty in isolating small numbers of reactive
cells. It is also possible that SBA~73 antigen is polymorphic. mAb BM25 was found
to be consistantly nonreactive with CFU progenitor cells. Immune rosette depletion
with mAb BM25 would deplete approximately 50% of the cells. The nonreactive cells
were enriched 6-8 folds. Thus, we have not been able to ideatify stem cell
antigens by monoclonal antibodies generated. However, a stable monoclonal antibody
BM25 (IgG1) was established and would be useful for the negative selection of CFU
progenitors.
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24 MAB BM25 NONREACTIVE BONE MARROW COULD RECONSTITUTE
BONE MARROW CELLS IN BOTH ALLOGENEIC AND AUTOLOGOUS HOST.

While Dr. N. Gengozian was in Oklahoma, two allogeneic bone marrow
transplantations were done with bone marrow cells depleted of T cells with a
monoclonal antibody (T64) to the E rosette receptor and of mAb BM2S5 reactive
cells. Both irradiated recipients showed evidence of bone marrow regeneration of
donor origin. In one case, long-term survival was established, there was gradual
regression of donor cells and the return of residual radiation resistant host bone
marrow cells. Autologous bone marrow transplantation was also carried out by him
at the University of South Florida. mAb BM2S$ nonreactive cells were able to
reconstitute autologously. These results indicate BM25 negative bone marrow cells
function in vivo.

2.5 MONOCLONAL ANTIBODIES AGAINST RHESUS PERIPHERAL
BLOOD LYMPHOCYTES.

We have established monoclonal antibodies to rhesus leukocytes. These are
T64 and T199 which block E rosette formation by rhesus T cells. T35 and T60 are
equivalent of OKTS8 and are reactive with suppressor/cytotoxic T cells. T145 is a
pan B cell marker for rhesus. T64 has been used to deplete T cells for allogeneic
bone marrow transplantation. It is an IgM antibody. Thus, this monoclonal
antibody is efficient to deplete mature T cells from the donor marrow.

2.6 STEM CELL GROWTH FACTORS.

As stated above, the PHA-LCM from human peripheral mononuclear cells was
able to support rhesus CFU-GEMM. Depletion of T8 cells did not improve the
potencies of the PHA-LCM. It was also found that rhesus peripheral mononuclear
cells were not superior in comparison with human cells.

2.7 HUMAN T-T HYBRIDOMA TECHNOLOGY.

It was planned to use human T-T hybridoma technology to demonstrate newer
stem cell growth factor. However, technical difficulties were encountered. Before
we started T-T fusion, the parental lines were tested for mycoplasma and they were
found to be contaminated. Attempts were made to obtain mycoplasma free cell lines
by culturing cell lines with murine peritoneal exudate cells and licomycine. Initially
Molt-4 and CEM were thought to be free of mycoplasma. After further culture
without licomycine, they were positive for mycoplasma. We then used the BM
Bycline from Boehringer-Mannheim. After three cycles of treatment of 6 weeks, we
obtained 13 T leukemia cell lines free of mycoplasma infection. They were free of
mycoplasma even after they were grown in Bycline free medium. Several of the
lines were CD3 negative. They were JRT3T3.5.6, SKW3, Molt-3, KE-4 and M-
KE37.3.7. Some of these cell lines were used as parental partners to fuse with PHA
stimulated human T cells. Molt-3 and the Jurkat mutant JRT3T3.5.6 were found to
generate T-T hybrids by polyethylene glycol induced fusion and selection for CD3
positive cells which would include nonfused PHA blasts and T-T hybrids. Evidence
of fusion between T blasts and leukemic ceils was obtained by HLA typing with a
penal of anti-HLA monoclonal antibodies from Genetic System Incorporated (Seattle,
WA). With CD3 as a marker, the hybridomas were not stable with continuing loss
of CD3 expression. Our Molt-3 cell line lacks CD4. We used it as a fusion partner
and selected CD4 positive cells by cell sorting. The sorted cells were >99% positive
for CD4. The CD4* cells were then cloned immediately on soft agar and the clones
were analyzed for CD4 expression. This procedure took approximately 6 weeks to

11




have sufficient cells for analysis. With more than 200 clones studied, none of them
retained CD4. Thus, it is concluded that the human T-T hybridoma system is very
unstable. Because of these technical difficulties, we did not attempt to determine
whether the T-T hybridomas had growth promoting activity.

12




I Y /™

SECTION 3
CONCLUSIONS

The rhesus monkey is an excellent model for humans in many systems. In the
case of bone marrow transplantation, it has provided useful information. In the
present work, attempts were made to identify stem cells by monoclonal antibodies
and use human T-T hybridomas to reveal newer stem cell growth promoting activity.
Limited success in the first task was accomplished. One stable antibody, i.e., BM25,
is capable of negatively eariching for CFU progenitor cell activity by 6-8 fold and
the marrow cells after depletion were functional in vivo in autologous and
allogeneic irradiated host. Antibody SBA™73 is reactive with a small number of
bone marrow cells. It may be expressed by hematopoietic stem cells. A definitive
conclusion cannot be drawn because bone marrow from approximately half of the
monkeys did not demonstrate CFU progenitors in the positively selected small
population. The rhesus monkeys are difficult animals to obtain bone marrow
repeatedly for analysis. This presents a disadvantage for the model.

Technical difficulties, i.e., instability of the T-T hybridomas and mycoplasma
contamination, made the system not suitable for the identification of stem cell
growth activity. Recently, recombinant DNA technology has produced the
multipotential stem cell growth factor (IL-3) as well as differentiation factors such
as CSF-1. This has proven to be a superior approach.

13
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APPENDIX A

MONOCLONAL ANTIBODIES AGAINST HUMAN MYELOMONOCYTIC CELLS:
DETECTION OF CERTAIN LINEAGE-SPECIFIC ANTIGENS ON CFU-GM
PROGENITOR CELLS!

MASATOSHI TAKAISHI? anp SHU MAN FU3®

From the Cancer Research Frogram. Oklahoma Medical Research Foundation. 825 Northeast 13th Street.
Oklahoma City, OK 73104

A series of monoclonal antibodies (mAb) were
raised against nonlymphoid leukemic cell lines.
Three of them have been characterized in detail.
mAb H8 (IgG2), mAB U2 (IgGl). and mAb ML143
(IgM) were established with HEL, an erythroleuke-
mia cell line, U937, a monocytoid (histiocytic) line,
and ML-1, a myeloid cell line as immunogen. respec-
tively. A 65 to 75 KD polypeptide was precipitated
from monocytes by mAb HS8, a 160 KD protein from
monocytes by mAb U2, and two broad bands in the
regions of 150 and 195 KD from granuiocytes by
mAb ML143. All three mADb stained peripheral blood
monocytes and granulocytes, but not lymphocytes,
platelets, and es. The mAD reacted with
immature myeloid cells in bone marrow, ranging
from myeloblasts to mature myelomonocytic cells.
They also were reactive with various nonlymphoid
cell lines and leukemia of myelomonocytic origin.
They did not react with B cell lines and B cell CLL
cells. By complement-mediated cytolysis and/or an
immune rosette method. antigens H8 and U2 were
found to be expressed on the vast majority of CFU-
GM (14 days) progenitors but not on BFU-E. Antigen
ML 143 was not expressed by either progenitor. Fur-
thermore, ML143 antigen was found on T leukemia
cell lines, a subpopulation of mitogen-activated T
cells, and certain non-T/non-B ALL cells. This reac-
tivity was not found with mAb H8 and U2, The
relationship between these mAb and those reported
are discussed. The possibility of using these mAb to
obtain a markedly enriched CFU-GM progenitor popy
ulation is also raised.

Monoclonal antibodies (mAb)* have been established to
identify antigens expressed by human myelomonocytic
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cells and their precursors (1-29). Some of those have
been shown to react with committed myeloid progenitors
(CFU-GM).* In attempts to generate mAb reactive with
hematopoietic progenitors, we used noniymphoid leuke-
mia cell lines as immunogens. among the antibodies
reactive with myelomonocytic cells. three {mAb H8. U2,
and ML143) have been characterized in detail. All of them
stained mature and immature myelomonocytic cells.
mAb H8 and U2 were shown to react with CFU-GM
progenitors. They did not react with committed erythroid
progenitors (BFU-E).* mAb ML143 did not react with
either committed progenitor. It did stain a subpopulation
of mitogen-activated T cells.

MATERIALS AND METHODS

Generation of mAb. Three cell lines (HEL {30). an ervthroleukemia
cell line kindly provided by Dr. P. Martin of the Fred Hutchinson
Cancer Research Center, Seattle. WA: U937. a monocvtoid-histio-
cytic cell line: and ML-1. a myeloid leukemia cell line) were used as
immunogens. Ten-week-oid BCyF, female mice were injected i.p.
with 2 x 107 cells with 4 mg alum as adjuvant. A second immuni-
zation was done 3 wk later with 2 x 107 cells in phosphate-buffered
saltne (PBS) i.p. Three days later. spieen ceils were fused with SP2/
0 Agl4 tumor cells with PEG 1000. Hybridomas were selected in
HAT medium: their supernatants were screened by indirect immu-
nofluorescence. The desired hybridomas were cloned on agarose
with fibroblasts as feeders. Details of these procedures have been
described (31).

Other mADb used in the present studies were mAb Josh 524. mAb
M3. mAb TE. mAb HS8. Leu-10. and B1. The first four antibodies
were generated in our laboratory. mAb Josh 524 (1gGl) is specific
for HLA-DR. It precipitated a 29/34 kilodaiton (KD) bimoiecular
complex. mAb M3 (IgGl) is specific for y-chain. mAb TE (IgG2)
blocked rosette formation between T cells and sheep ervthrocvtes
(RBC). It precipitated a 55 KD glycoprotein: it is equivalent to anti-
T11 mAb. Leu-10. an anti-HLA-DC antibody. was obtained from
Becton Dickinson {Mountain View. CA). Bl. a B cell-specific mAb.
was obtained from Coulter Immunology (Hialeah. FL). As appropriate
control mAb. SS1 (IgG2a. anti-sheep RBC). NS4.1 (IgM. anti-sheep
RBC). and HDP-1 (igG1. anti-DNP) were used. These anttbodies were
kindly provided by Dr. J. Davie of Washington University (St. Louis.
MO).

Cell preparation. Defibrinated blood from normal volunteers was
used as a source of peripheral blood mononuciear cells (PBMC).
PBMC were separated as described (32). Monocytes were separated
by Percoli continuous gradient centrifugation (33). Granulocytes
were isolated from the peripheral blood as the pellet fraction after
Ficoll-Hypaque -ensity gradient centrifugation. Contaminating RBC
were removed by a 60%. 65%. and 70% Percoll discontinuous density
gradient centrifugation. The purity of the granulocyte fraction was
more than 94% as determined by Wright-Giemsa staining. Platelets
were 1solated from platelet-rich plasma and RBC from the peliets of
Ficoli-Hypaque gradients of peripheral blood cells.

Leukemia cells of different lineages were isolated from the periph-
eral blood of the affected patients by Ficoll-Hypaque gradient cen-
trifugation. Thev were crvopreservell and were recovered before
staining.

Cell ltnes. In addition to HEL. U937. and ML-1 cell ines. KG-1. a
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myeloblastic leukema cell line. K562. an ervthroid/mveloid line
from a patient with CML in blastic crists. and HL-60. a promyeiocytic
cell line. were used as nonlvmphoid lines. For T leukemia cell lines,
RPMI 8402, Mt-1. Moit-4. Jurkat. and CEM were used. As B lympho-
blastoid cell lines. Raji. Daudi. Josh 7. a pre-B cell line (34). 866P
(IgG). 32al. (IgA-producing). and SeD (35) were used. All cell lines
were cultured in RPMI 1640 supplemented with 10% FBS.

Bone marrow cells and bone marrow cultures. Bone marrow
cells were obtained from normal volunteers. They were separated by
Ficoll-Hvpaque density centrifugation to remove RBC and mature
granulocytes. Separated bone marrow cells were subjected to an
immune rosetie method (36) to obtain cells reactive with the mAb of
tnterest. or they were subjected to a complement (C)-mediated cytol-
vsis procedure to deplete the reactive cells. For the C-mediated killing
procedure. 0.5 ml of 2 x 107/mi of bone marrow ceils were incubated
with 0.5 mi of hybridoma culture supernatant for 30 min at 37°C.
One milliliter of baby rabbit C (Pel-Freez Biologicals. Rogers. AR)
was added and the mixture was incubated for 45 min at room
temperature. Dead cells were removed by centrifugation on a Ficoll-
Hypaque gradient. Although one-cycie killing was employed in these
experiments. the recovered cells contained less than 0.1% of the
reactive celis by the indirect immunofluorescent assay with the
Epics V flow cytometer. Thus. no attempts were carried out to repeat
the killing by a second-cycle treatment. Bone marrow cells were
cuitured in quadruplicates in Iscove’s modified Dulbecco’'s medium
containing 0.9% methylceliulose. 10% conditioned medium from
human peripheral blood leukocytes stimulated with phytohemaggiu-
tinin. and 30% FBS. One unit of erythropoietin (sheep fraction [I:
Connaught. Toronto. Ontario. Canada) was added to each plate. This
procedure was essentially as described by Messner et al. (37). BFU-
E were scored as hemoglobin-containing single or muitipie colonies
of greater than 64 cells on the 14th day. This culture also allowed
CFU-GM colony formation. CFU-GM were scored as colonies of
greater than 40 cells on the 14th day. .

Immunofluorescence studies. Cells (0.05 to 1 x 10% were first
incubated with hybridoma culture supernatants for 20 min. After
three washings with 0.01 M PBS with 1% bovine plasma albumin.
fluorescein-labeled F(ab’),; anti-mouse Ig was added and a 20-min
incubation at 4°C was performed. After three washings. cells were
analvzed with a Coulter Epics V flow cytometer (Coulter Electronics.
Hialeah. FL). Integrated fluorescence of the population gated by
forward angle light scatter and right angle light scatter was mea-
sured and 10.000 cells were analyzed.

lodination and immunoprecipitation. Cells were jodinated in
suspension by the method of Hubbard and Cohn (38). In brief. 2 x
107 monocytes were incubated with 1 mCi/ml Na '#1. 50 mU/ml type
\" glucose oxidase (Sigma Chemical Co.. St. Louis. MO), and 10 ug/
ml lactoperoxidase (Calbiochem-Behring Corp.. San Diego. CA) for
15 min on ice. The reaction was terminated by aspirating the super-
natant and by repeated washings with RPMI 1640. After iodination.
immunoprecipitation. gel electrolysis. and autoradiography were
pertformed as described (39).

RESULTS

Characterization of mAb HS8. U2. and ML143. mAb
H8. U2. and ML143 were established with HEL. U937,
and ML-1 as immunogen. respectively. By ELISA. mAb
H8 was typed to be IgG2: mAb U2. IgG1: and mAb ML143.
1gM. Both mAb H8 and ML143 fixed C: mAb U2 did not.

mAb HS8 precipitated a molecule with a broad band
between 65 and 75 KD from '**[-labeled monocytes (Fig-
ure 1. lane 1). A similar molecule was prectpitated from
HEL. the immunogen. mAb U2 precipitated a glycoprotein
of 160 KD from '*I-labeled monocytes (Figure 1. lane 3)
and U937. the immunogen. These m.w. were estimated
from 9% SDS gels in reduced conditions. mAb ML143
precipitated two broad bands at 150 and 195 KD from
jodinated granulocytes under reduced conditions (Figure
1. lane 5). Under nonreduced conditions. similar diffuse
bands were seen. With '**l-labeled monocytes or ML-1
cells. these two bands were less distinct.

Peripheral blood cell distribution of antigens HS. U2.
and ML 143. The cellular distribution of the reactive an-
tigens by mAb H8. U2, and ML143 was analyzed by
immunofluorescence with an Epics V flow cytometer.

Mr x 10 3 Mr x 1073
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Figure A-1. A 85 to 75 KD glycoprotein was precipitated by mAb H8
from '®I-labeled monocytes (lane 1). No band was seen with mAb SS1
(1gG2a. anti-sheep RBC) as a ~ontrol antibody {lane 2). A 160 KD glyco-
protein was precipitated by mAb U2 from !*-labeled monocytes (lane 3).
Both mAb U2 and controi mAb HDP-1 (igGl. anti-DNP) brought down a
nonspecific 58 KD band. mAb ML 143 precipttated two broad bands at
150 KD and 195 KD from '*™i-labeled granulocytes. Control igM antibody
NS4.1 (anti-sheep RBC) did not bring down any discernibie band.

Granulocytes Monocytes

CELL NUMBER
~

FLUORESCENCE INTENSITY

Ftgure A-2. Fluorocytometric analysis of staining patterns of peripheral
blood granulocytes and monocytes with mAb H8 (panel 1). mAb U2 (panet
2}, and mAb M143 (pane} 3). —. control mAb: --- - - . mAb under inves-

tigation.

From peripheral biood. monocytes. granulocytes. and
lymphocytes were isolated by a series of Ficoll-Hypaque
and Percoll gradients. Platelets and RBC were also iso-
lated. These cell preparations contained greater than
90% of the desired cells. The cells were first gated by
forward angle and 90-degree light scattering. Integrated
green fluorescence was measured. The results are shown
in Figure 2 and Table I. mAb H8 stained monocytes
brightly. but stained granulocytes weakly. The staining
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TABLE A-1
Staining of pertpheral blood cells by mAb H8. U2. and ML 143

mAb
Ceils TE (sheep Josh 524
H8 u2 ML143
RBC receptor) {HLA-DR|
(%} (%) (%} %) o)
Monocvtes 96.7 = 1.6 95.2= 1.6 63.7 = 15.8 30=1.8 926=28
Granuijocytes >30° >90 96.3+ 3.3 <l1.0 <1.0
Lymphocytes <}.0 <1.0 <1.0 87.4=29 116 =33
RBC <1.0 <1.0 <l.0 <1.0 <l.0
Plateiets <1.0 <1.0 <1.0 <1.0 <1.0

*This represents the mean and the standard deviation of determinations of sampies from six individuals. Cells were

stained with the hybridoma supernatants and were washed.

anti-mouse ig and were analyzed by an Epics V instrument.
® See text.

of granulocytes gave a peak shift from the control anti-
body-staining pattern. Although we calculated that ap-
proximately 30% of the cells were outside the control
curve, the whole granulocyte population was weakly re-
active. mAb U2 stained both granulocytes and monocytes
strongly. mAb ML143 reacted with the majority of
the granulocytes. A subpopulation of monocytes were
strongly stained. but a distinct nonreactive population
was also evident (Figure 2. panel 3}. All three mAb failed
to react with lymphocytes. RBC. and platelets. mAb TE
and Josh 524 were included in Table I to characterize the
isolated cell populations.

Hematopoietic cell lines and leukemias. Antigen
expression by various human hematopoietic cell lines are
shown in Table II. mAb H8 reacted with all six non-
lymphoid lines. mAb U2 stained KG-1. HL-60. U937, and
HEL. Antigen U2 was not cxpressed by cell lines ML-1
and K562. mAb ML143 stained five of the six non-
lvmphoid lines, with HEL being the nonreactive cell line.
Both mAb H8 and U2 were found to be nonreactive with
T and B lymphoid lines. Despite its nonreactivity to lym-
phocytes, mAb M143 stained all five T leukemia cell
lines. The least reactive T cell line was Molt 4, with 17.8%
positive cells.

Leukemic cells of both lymphoid and myeloid origin
were used to further study the expression of these anti-
gens (Table III). Seven cases of acute myeloid and mono-
myvelocytic leukemias were available. All three mAb were

They were then d with fluor d goat

JHE!

reactive with the leukemic blasts in varying degrees in
most cases. mAb ML143 reacted least well. One case of
AML was clearly nonreactive. It should be noted that
antigen ML 143 was expressed on some cells of common
acute lymphocytic leukemia. Although not included in
Table III, all three antibodies were reactive with two cases
of CML but not with cells of one case of T-ALL, one case
of T-CLL. and six cases of B-CLL. These resuits are in
general agreement with those on cell lines.

Antigen ML 143 expression on activated T cells. Be-
cause of the reactivity of mAb ML143 with T leukemia
cell lines, its reactivity with activated T cells was inves-
tigated. [solated T cells were activated with Con A at 5
ug/ml for 3 days. The T blasts were stained. As shown in
Table IV, mAb ML143 stained 21 to 63% of the blasts in
four separate experiments. In contrast, the other two
mAb did not stain. All three mAb did not react with
activated B cells in three experiments. nor did they react
with three thymocyte preparations.

Antigenic expression on bone marrow cells. The reac-
tivity of bone marrow cells to mAb H8, U2. and ML143
was studied by two methods. Bone marrow cells were
separated into reactive and nonreactive populations by
an immune rosette method. In the case of mAb H8. bone
marrow cells were incubated with the supernatant of H8
hybridoma. After several washings with PBS, they were
rosetted with human RBC coated with goat anti-mouse
Ig. The H8* popuiation was separated from the nonro-

1o,

TABLE A-2
Reactivity of hematopotetic ceil lines of diverse lineages to mAb H8. U2. and ML 143
mAb
Celi Line Cell Type H8 u2 ML143

(%) (%) (%)
ML-1 myeloblastic 99.4 £ 0.5 <5 97.1+ 2.7
KG-1 myeloblastic >80 894276 79.7211.7
HL-60 promyelocytic >80 95434 845+ 2.2
U937 monocytic/histiocytic >80 97.0=x29 96.2+ 45
HEL erythroleukemia 97.7£0.9 95.2x 3.9 <5
K562 myeloid/ervthrotd >80 <5 96.7+ 1.9
MT-1 T cell leukemia <5 <5 73.2=119
Molt-4 T cell leukemia <5 <5 178= 4.2
Jurkat T cell leukemia <5 <5 71.5+ 53
CEM T cell leukemia <5 <5 63.29+ 56
RPM! 4402 T cell leukemia <5 <5 €64=x 7.5
Raji B lymphoid <5 <5 <5
Daudi B lvmphoid <5 <5 <5
Josh 7 B lvmphoid <5 <5 <5
8866P B lymphoid <5 <5 <5
32ai B ivmphoid <5 <5 <5
SeD B ivmphotd <5 <5 <5

¢ Data are presented as mean = SD of three separate experiments. When there were substantiai overiaps between the
control and expenmental data. without clearlv delineating the stained population. >80% was used to indicate that the
majonity of the cells were stained. Because of the occasional light stained celis in control samples. <5¢% staiming ts

considered negative.
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TABLE A-3
Reactwity of anti-monocyte-granulocyte mAb with acute myelocytic and myelomonocytic and lymphocytic leukema
mAb
Leukemia Type H8 u2 ML} 43 Josh $24(HLA-DR) Leu10{HLA-DC)
(%) %) (%) (%) (%)
Acute mvelocytic
1 94° 83 18 58 <1
2 90 56 7 90 <l
3 53 10 44 79 <]
4 27 51 <l 8] <l
5 ND* 49 14 90 56
6 66 46 20 85 78
Acute monomyelocytic
1 41 81 65 66 23
Acute lvmphocytic (common ALL}
1 <l <} 77 90 <}
2 <l <l 6 95 10
® Percent positive cells stained by the mAb.
®ND. not done.
TABLE A~4 Small Large
Antigen ML 143 is expressed on Con A-activated T cells*®
mAb
Cell Type H8 U2 ML143 !
(%) %) 1%)
Con A-acttvated T cells <2 <2 212 YN\
Activated B cells <2 <2 <2 =
Thvmocytes <2 <2 <2 ¢
2T cells were activated by 5 ug Con A/mi. B cells were activated by W
anti-« antibodies and BSF-containing conditioned medium. Blasts at day ;
3 cultures were stained. Thymocvies from three preparations were stud- 5 2
1ed. x j—
- -’ '-_\
TABLE A-5 - ¢ Y . o,
Bone marrow cells reacttve with anti-monocyte-granufocyte S
anttbodies*
mAb
Cell Type
H8 u2 ML143 3
Mveioid
Myeiobiasts - - E3
Promyeiocvtes - + + e
Myveiocytes - - ps
Metamyelocytes * * + FLUORESCENCE INTENSITY
Neutrophils + + : Figure A-J. Staining patterns of bone marrow cells by mAb H8 (panel
Eosinophtis * * . 1). mAb U2 [panel 2). and mAb ML143 (panel 3). The bone marrow celis
Monocyies + * were gated into two populations bv forward angle vs 90-degree light
Ervthroid blasts - - - scattering. The cells with more light-scattering characteristics were ar-
Megakarvocytes - - -

“ Bone marrow cells were separated into two populations by an immune
rosette method with the mAb being investigated. Both positive and neg-
ative populations were d morphologically with Wright-Giemsa
stain. "+~ indicates that >95% of the celis formed rosettes: “~". less than
5% of cells were reactive: and "2°. 15 to 25% were positive,

sette-forming H8" population by centrifugation on a Fi-
coli-Hypaque gradient. The attached RBC were iysed. H8*
and H8~ popuiations were fixed and were stained with
Wright-Giemsa stain. As shown in Table V. antigen H8
was expressed by cells of the myelomonaocytic lineage but
not by cells of erythroid lineage. megakaryocytes, and
plateiets. Similar resuits were obtained with mAb U2, In
the case of mAb ML 143, a small number of myeloblasts
(15 to 25%) was seen in the ML143" population.

The staining of bone marrow cells was also analyzed
by flow fluorocytometry. The bone marrow cells were
resolved into two populations by light-scattering anaiysis
with forward and 90-degree light scattering (Figure 3).
One population with more light scattering is arbitrarily
termed the “large cell” population, while that with less.
light scattering is referred to as the “small cells.” These
two populations were analvzed with a panel of mAb. It is
apparent that the smail cell population contained lym-
phocytes of both T and B cell lineages and most of the

bitrartly termed “large” cells. The other population was called “small”

cells. ——. control mAb: - - - .. mAb under investigation.
TABLE A-6
Anttgenic expression by two populations of bone marrow ceils
resolved by light-sc ing ]
Unfractionated
MAD Bone Marrow
large smail
Ab 23.1 (SRBC receptor) <1.0% 41.2
Ab Josh 524 (HLA-DR) 10.1 27.0
Leu-10 (HLA-DC) <1.0 17.6
Anti-y <1.0 85
Bl <1.0 9.5
H8 >80 8.7
u2 74.7 5.9
ML143 75.5 1.8

HLA-DR* cells (Table VI). Undoubtedly. some of the lvm-
phocytes were due to contaminating blood cells. All three
mAb (H8. U2, and ML143) stained the majority of the
cells in the large ceil population. A small number of cells
in the small cell population were reactive with these mAb.
it remains to be determined whether some of these reac-
tive celis in this popuiation are CFU-GM progenitors. Two
additional bone marrow samples were analvzed and
showed similar resulits.

18




MYELOMONOCYTIC ANTIGENS ON CFU-GM PROGENITOR

Presence of antigens H8 and U2 but not ML143 on
CFU-GM progenttors. mAb H8 and ML143 were found to
fix C. By using C-mediated cytolysts. antigen H8 was
found to be present on CFU-GM but not on BFU-E (Table
VII). In two experiments, the treatment of bone marrow
cells by mAb H8 in the presence of C eliminated over 90%
of CFU-GM progenitors. This treatment did not change
the number of BFU-E substantially. A similar treatment
with mAb ML143 and C failed to inhibit either BFU-E or
CFU-GM.

These findings were confirmed by an alternative cell
separation method. By our tmmune rosette method. the
rosetting and nonrosetting cells were examined before
lysis. The positive populations contained 90 to 95% de-
sired cells: the nonrosetting population contained iess
than 5% rosetting cells. The yield of this immune rosette
method was 40 to 60% of the expected cell numbers in
these populations. As shown in Table VIIl. H8* bone
marrow cells isolated by an immune rosette method con-
tained more than 80% of CFU-GM. In contrast, H8 cells
contained the vast majority of BFU-E. In the case of mAb
ML143. both BFU-E and CFU-GM progenitors were
largely contained in the ML143™ population. in addition.
antigen U2 was found to be expressed by CFU-GM pro-
genitors but not by BFU-E progenitors. This is similar to
the distribution of antigen H8. In these expertiments, mAb

.Josh 524 (anti-HLA-DR) was utilized as a control anti-

TABLE A-7

Expression of antigens H8 and ML 143 on BFU-E and CFU-GM as
determined by C-mediated lysts

No. Colonies/10® Cells Plated

Expe. % Dead Cells
BFU-E CFuU-GM

1. Untreated 0.9 88.5 ¢ 14.0¢ 488 7.0
C aione 1.1 10582 3.5 520 6.7
mAb H8 + C 22.3 8402 148 47+ 05

2. Untreated 0.8 5802 11.0 70.7 £ 14.6
C alone 0.9 49.0 2 13.0 600 7.1
mAbH8 + C 36.1 740 13.1 [}

3. Untreated 29 88.0x 14.0 4680z 70
C alone 2.8 1060 4.0 520+ 7.1
mAb ML143 23.6 80.2 £ 20.3 50.2 £ 15.7

4. Untreated 1.8 2425+ 122 762z 6.3
C alone 23 224.1 £ 35.4 834+ 53
mAb ML143 53.9 311.0 £ 36.7 155 =195

° Data are presented as the mean £ standard deviation of quadruplicate
plates.

TABLE A-8
Bone marrow CFU-GM progenttor cells expressed antigens H8 and U2
but not antigen ML 143: none of these antigens were expressed by

BFU-E progentitors

Bonie Marrow BFU-E/10® Cells Plated CFU-GM/10" Celle Plated
Cell Type i n 1 [

Unseparated 630+ 65 275+ 16 100x 11 77215
H8* 53z S S8+ 11 160 27 111223
H8" 677z 38 WS+ 27 28:x 5 (22 1
HLA-DR* 539 £ 153 522+132 125+ 2 120z 7
HLA-DR- 3z 2 1z 1 1+ O 2z 1
Unseparated 459 = 27 380+ 23 96z 10 77:12
u2* 23+ 16 26+ 21 2086+ 54 137:x14
u2- 441 = 61 419+ 58 40:x 18 32+:17
HLA-DR* 1493 98 1396 +£246 461 £127 191 =39
HLA-DR~ 9+ 8 3z 5 5+ 4 12 1
Unseparated 192+ 28 213+ 27 65=% 15 93219
ML 143 68z 19 55+ 11 16 13 32x 7
ML 143 283 - 21 239+ 37 95+ 13 120%23

° Data are presented as the mean = standard deviation of quadruplicate
piates.
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body. In all experiments. CFU-GM and BFU-E progenitors
were shown to be HLA-DR".

DISCUSSION

A series of mAb were raised against noniymphoid hem-
atopoietic cell lines. The characteristics of three of them
are detailed in this report. mAb H8. U2. and ML143 were
established by using HEL. U937. and ML-1 cell lines as
their respective immunogen. They have been shown to
react with peripheral blood monocytes and granulocytes
preferentially. Cellular distribution and immunoprecipi-
tation analysis indicate that these three antibodies iden-
tify distinct antigens on myelomonocytic lineage cells.
The results of studies involving leukemia cells. cell lines.
and activated lymphocytes add further support to the
concept that antigens H8 and U2 are specifically ex-
pressed by myelomonocytic cells and their precursors.
These studies also reveal that ML143 antigen is also
expressed by certain activated T cells. With a C-mediated
cytolysis and/or a positive selectior: method. mAb H8 and
U2 were reactive with the vast majority of CFU-GM pro-
genitors but not with BFU-E progenitors. The posstbility
that a small population of CFU-GM progenitor cells did
not expreas these antigens has not been ruled out. In
contrast, mAb ML143 was not reactive with either pro-
genitor. Thus, these three mAb have two distinct reactive
patterns despite their reactivity with monocytes and
granulocytes.

Many mAb have been reported to be preferentially
reactive with myeiomonocytic cells (1-28). It is relevant
to relate our mAb to them. mAb H8 (1gG2) ts reactive with
a glycoprotein of 65 to 75 KD. To our knowledge. none of
the reported mAb identifies such a protein with a cellular
distribution of the H8 antigen. However. several reported
mAD need to be discussed further. mAb Mo2 identifies a
55 KD protein. It reacts with monocytes. macrophages.
and their precursors (27). its nonreactivity to granulo-
cytes, CFU-GM progentitors. HL-60, K562, and U937 cell
lines distingutshes it from mAb H8. mAb 61D3 (19) was
shown to react with 75 KD protein on monocytes. In the
original report. it was stated that it did not react with
granulocytes and cell line U937. However. lfttie infor-
mation is available as to its reactivity to other myelomon-
ocytic and erythroid cell lines and CFU-GM progenitors.
Based on this information. we tentatively conclude that
mAb H8 and 61D3 identify different antigens. Definitive
experiments involving sequential immunoprecipitation
are needed to draw a firmer conclusion. mAb My906
identifies as a 72 KD molecuie (28). It reacts with mono-
cytes. AML cells. and CFU-GM progenitors. Its reactivity
with BFU-E and its nonreactivity with granulocytes sug-
gests that antigen My906 is distinct from antigen H8.
Thus, it appears that mAb H8 identifies a new myelo-
monocytic antigen.

mAb U2 identifies a myelomonocytic antigen of 160
KD glycop-otein. This m.w. is very similar to that of
antigen My7 (27). Cellular distribution for My7 and U2 is
also similar. In addition, both antigens are expressed by
CFU-GM progenitors. It is likely that both mAb are reac-
tive with a similar glycoprotein.

mAb ML143 precipitated two broad bands (150 and
195 KD) of glycoproteins from '?*i-labeled granulocytes
under reduced and nonreduced conditions. It is of consid-
erable interest to note that these two bands were les:
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distinct when precipitation was carried out with either
ML-1 cells or monocytes. The broadness of the band and
variable results from different cell preparations add sup-
port to the thesis that mAb ML143 is reactive with an
antigenic determinant attributed largely to the carbohy-
drate motety on the glvcoproteins. Recently, mAb T5A7.
which reacts with myelomonocytic cells and a subpopu-
lation of mitogen-activated T cells as well as late myeloid
progenitors (day 7 CFU-GM). has been identified to be
specific for lactosylceramide (40). It is likely that mAb
ML143 and mAb T4A7 have similar specificity. It re-
mains to be determined if mAb TSA7 wiil aiso precipitate
glycoproteins from granulocytes. Studies with both anti-
bodies will resolve the question of antigenic identity.
Although mAb PM-81 {22) was shown to be nonreactive
with PHA-activated T cells and CEM cell lines. its staining
pattern with hematopoietic cells, cell lines. and leukemia
cells was very similar to mAb ML143. Thus. it is probable
that all three mAb (ML143. TSA7. and PM-81) are reac-
tive with a similar carbohydrate determinant. It is also of
considerabie interest that all of them are IgM antibodies.

In addition to mAb143, 10 other mAb from two inde-
pendent fusions were shown to react with myelomono-
cytic cells and to precipitate similar broad bands (155 to
195 KDj from '#I-labeled granulocytes. They are all IgM
antibodies. This suggests that ML143 antigen is a domi-
nant antigen on ML-1 cells to which BCsF, animais are
responding. My-1 has been identified to be against a
sugar sequence found in lactose-N-fucoperitose HI (41).
Although it is not expressed by CFU-GM progenitors. it
differs from ML 143. TSA 7, and PM-81 in that mAb My-
1 did not stain either leukemic T cell lines or T blasts
{20). Nevertheless, all five mAb to My-1 were IgM anti-
badies. Relevant to this discussion are the findings that
mADb such as IG10 (42) and Pro-112 Im2 (27). which were
identified to react with carbohydrate determinants on
glycoproteins and glycolipids. are also IgM antibodies. It
is also of considerable interest that carbohydrate deter-
minants are expressed by hematopoietic cells at defined
stages of differentiation. However. it is likely that other
tissues would express these antigens. Thus. more exten-
sive tissue distribution studies need to be carried out
before they can be utilized for specific immunotherapeu-
tic purposes.

mAb have been successfully utilized to purify progeni-
tor cells of various hematopoietic lineages (26. 43-46).
Most of them are reactive with progenitor celis of differ-
ent lineages. Recently, an mAb specific for erythroid
progenitors has been identified {(46). A survey of the
literature reveals that similar mAb to myelomonocytic
progenitors (CFU-GM) have not been reported. It is pos-
sible to utilize mAb such as mAb H8 and/or mAb U2 in
combination with mAb ML143 to obtain a bone marrow
cell population with a high cloning efficiency for CFU-
GM. This population would be useful to aid in the char-
acterization of CFU-GM progenitors morphologically and
to use as immunogens to establish mAb specific for these
progenitors.
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ABSTRACT

Monoclonal antibodies (mAb) were raised against the human erythroid cell
line K562. One of them, mAb K15, was reactive with a 22 kD polypeptide. It
was shown to be reactive with monocytes, lymphocytes, eosinophilic
granulocytes, thymocytes, leukemic cells of diverse hematopoietic lineages and
cells from various hematopoietic cell lines. Antigen K15 was not expressed by
platelet, erythrocytes, megakaryocytes, erythroblasts, neutrophilic
granulocytes and myelocytes. K15 antigen was shown to be present on
progenitor cells of CFU-GM and BFU-E. mAb K15 in the presence of complement
eliminated CFU-GM and BFU-E progenitor cells from normal bone marrow.
Positively selected K15+ cells were enriched for these progenitor cells. With
a combination of mAb K15, mAb against T and B cells, cells of the
monocyte-granulocyte series and an anti-HLA-DR mAb, a bone marrow cell
population with approximately 10%Z cloning efficiency for BFU-E was obtained.
The possibility of K15 antigen expressed on the multipotential progenitor cell

is discussed.

INTRODUCTION

Monoclonal antibodies (mAb) have been utilized to identify and to enrich
human hematopoietic progenitor cells (1-9). Some of the monoclonal antibodies
are more specific for the progenitor cells while the others are less specific.
Nevertheless, their usefulness has been clearly established. Recently, a
monoclonal antibody K15 has been established in our laboratory. K562 cell
line was used as the immunogen. This antibody stained monocytes and
lymphocytes as well as progenitor cells of CFU-GM and BFU-E. Despite its

broad reactivity, mAb was useful in the enrichment of BFU-E progenitor cells.
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MATERIALS AND METHODS

Monoclonal antibody production

Ten week old BC3F; female mice were injected intraperitoneally with 2 x
107 cells of K562, a cell line derived from a CML patient in blastic crisis
with 4 mg alum as adjuvant. Three weeks later, 2 x 107 K562 cells in
phosphate buffer saline (PBS) was injected i.p. Fusion of spleen cells with
SP2/0 murine tumor cells was performed three days later. Hybridomas were
selected in HAT medium. Supernatants were screened by indirect
immunofluorescence. The desired hybridomas were cloned in soft agarose with
fibroblasts as feeder cells. Details of the procedures were described
elsewhere (10). mAb K15 was one of the antibodies generated by these fusions.

Other monoclonal antibodies used in the present studies are mAb Josh 524,
mAb M3, mAb TE, mAb HB, mAb Leu 10 and mAb Bl. The first four antibodies were
generated in our laboratory. mAb Josh 524 (IgG,) is specific for HLA-DR. It
precipitated a 29/34 kD bimolecular complex. mAb M3 (IgG;) is specific for p
chain. mAb TE (IgGy) blocked rosette formation between T cells and sheep
erythrocytes. It precipitated a 55 kD glycoprotein. It is equivalent to mAb
TIl. mAb H8 is an IgGy antibody reactive with monocytes, granulocytes and
progenitor cells of CFU-GM but not BFU-E (ll). mAb Leu 10 is an anti-HLA-DC
antibody and was obtained from Becton-Dickinson, Mountain View, CA. mAb Bl, a
B cell specific mAb, was obtained from Coulter, Hialeah, FL. As a control

antibody, NS7 (IgG3) specific for sheep red cells was used.

Cell preparation

Defibrinated blood from normal volunteers was used as a source of
peripheral blood mononuclear cells (PBMC). PBMC were separated as described
previously (12). Monocytes were separated by Percoll continuous gradient
centrifugation (13). Granulocytes were isolated from the peripheral blood as
the pellet fraction after Ficoll-Hypaque density gradient centrifugation.
Contaminating erythrocytes were removed by centrifugation with a 60%, 65% and
70% Percol! discontinuous density gradient. The purity of the granulocyte
fraction was more than 94% as determined by Wrigh*-Giemsa staining. Platelets
were isolated from platelet rich plasma and erythrocytes from the pellets of

Ficoll-Hypaque gradients of peripheral blood cells.
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Cell lines

The following non-lymphoid cell lines were used: ML-~1, a myeloblastic
leukemia cell line; U937, a histocytic lymphoma cell line and monocytoid line;
KG-1, a myeloblastic leukemia cell line; K562, an erythroid-myeloid cell line
from a patient CML in blastic crisis; HL-60, a promyelocytic leukemia cell
line; and HEL, a erythroleukemia cell line. HEL (l4) was kindly provided to
us by Dr. Paul Martin of the Fred Hutchinson Cancer Research Center, Seattle,
WA. For T leukemia cell lines, RPMI-8402, MT-1, Molt-4, Jurkat and CEM were
used. As B lymphoblastoid cell lines, Raji, Daudi, Josh-7, a pre-B cell line
(15), 8866PF (1gG), 32a; (IgA producing) and SeD (16) were used. All cell
lines were cultured in RPMI-1640 supplemented with 10% FBS.

Bone marrow cells and bone marrow cultures

Bone marrow cells were obtained from normal volunteers. They were
separated by Ficoll-Hypaque density centrifugation to remove erythrocytes and
mature granulocytes. Separated bone marrow cells were subjected to an immune
rosette method (11) ro obtain cells reactive with the monoclonal antibody of
interest or they were subjected to a complement mediated cytolysis procedure
to deplete the reactive cells. For the complement mediated cytolysis, 0.5
2 x 107 bone marrow cells were incubated with 0.5 ml of hybridoma culture
supernatant for 30 min at 37°C. 1.0 ml of rabbit baby complement (Pel Freez
Biologicals, Rogers, AR) was added and the mixture was incubated for 45 min at
room temperature. Dead cells were removed by centrifugation on a
Ficoll~Hypaque gradient. Bone marrow cells were cultured in quadruplicates in
Iscove's modified Dulbecco's medium containing 0.9% methylcellulose, 10%
conditioned medium from human peripheral blood leukocytes stimulated with
phytohemagglutinin (PHA-LCM), 30% FBS. One unit of erythropoietin sheep
fraction 111 (Connaught, Toronto, ONT) was added to each plate. This
procedure was essentially that described by Messner, et al. (18). BFU-E were
scored as hemoglobin-containing single or multiple colonies of greater than 64
cells on the l4th day. This culture condition also allowed CFU-GM colony
formation. CFU-GM were scored as colonies of greate; than 40 cells on the

l4th day.

Immunofluorescence studies

Cells (0.05-1.0 x 108) were first incubated with hybridoma culture

supernatants for 20 min. After three washings with PBS with 1% bovine plasma
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albumin, fluorescein labeled F(ab'})y anti-mouse Ig was added and a 20 min
incubation at 4°C carried out. After three washings, cells were analyzed with
a Coulter Epics V flow cytometer (Coulter Electronics, Hialeah, FL).
Integrated fluorescence of the population gated by forward angle light scatter

and right angle light scatter was measured and 10.000 cells were analyzed.

Iodination and immunoprecipitation

Cells were iodinated in suspension by the method of Hubbard and Cohn (19).
Briefly, 2 x 107 monocytes were incubated with 1| mCi/ml Na 1251, 50 mU/ml type
V glucose oxidase (Sigma, St. Louis, MO), and 10 pg/ml lactoperoxidase (LPO;
Calbiochem-Behring Corp., San Diego, CA) for 15 min on ice. The reaction was
terminated by aspirating the supernatant and repeated washings with RPMI-1640.
After iodination, immunoprecipitation, gel electrolysis and autoradiography

were performed as described previously (20).
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RESULTS

Characterization of mAb K15

mAb K15 was shown to be an IgGg antibody. It precipitated a 22 kD
polypeptide from 1251-1abeled K562 cells (Figure 1). A similar 22 kD peptide

was also precipitated from peripheral blood mononuclear cells.

Reactivity with peripheral blood cells

Lymphocytes, monocytes, granulocytes, erythrocytes and platelets were
isolated from peripheral blood. These preparations contained 90-98% of the
desired cells by morphological analysis with Wright-Giemsa staining. For the
monocyte population, non-specific esterase staining was used. The cells were
analyzed for the presence of the 22 kD antigen with mAb K15 by indirect
immunofluorescence method with an Epic V instrument. The cells were gated by
forward angle and 90° light scattering. Integrated green fluorescence was
measured. The staining patterns for lymphocytes, monocytes and granulocytes
are shown in Figure 2.

The majority of lymphocytes and monocytes were stained by mAb K15. The
staining intensity of the monocytes was less than that for lymphocytes. In
the case of granulocytes, the vast majority of the cells were non-reactive.
However, a small percentage was positive. To identify the reactive
granulocytes, isolated granulocytes were incubated with mAb K15. Afrter
extensive washings, the cells were mixed with human erythrocytes coated with
goat anti-mouse Ig antibodies. After 30 min incubation, the cells were spread
on a slide and air dried. The cells were stained with Wright-Giemsa stain.
Only eosinophiles were found to form rosettes, indicating that the positive
cells detected by flow fluoreocytometry were eosinophiles. The results of six
experiments are summarized in Table 1. In addition to peripheral blood cells,
three thymocyte preparations were also found to express antigen K15. Thus,
mAb K15 stained lymphocytes, monocytes, eosinophilic granulocytes and

thymocytes but not platelets, erythrocytes and neutrophilic granulocytes.

Staining of leukemic cells and hematopoietic cell lines by mAb K15

mAb K15 stained the leukemic cells of diverse lineages (Table 2). Of the
reactive leukemia cell samples, over 90% of the cells stained. The exceptions

were two cases of B cell CLL. They were non-reactive to mAb K15 on repeated
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determinations. Similarly, mAb K15 stained cells from cell lines of
monocytic, myelocytic, erythroid and lymphoid lineages. Of the cell lines
tested, more than 75% of cells expressed the K15 antigen except for two B
lymphoblastoid cell lines, 8866P and SeD. 51% of 8866P cells stained and 36%

of SeD were reactive.

Reactivity of bone marrow cells to mAb K15

The reactivity of bone marrow cells to mAb K15 was analyzed by two
methods. In the first method, bone marrow cells were separated into K15% and
K157 fractions by an immune rosette method. The attached red cells were lysed.
K15* and K15~ cells were fixed and stained with Wright-Geimsa stain. The K15%
cells were lymphocytes, monocytes, myeloblasts, promyeloblasts and
esosinophilic granulocytes and the K157 cells were neutrophilic myelocytes,
metamyelocytes and granulocytes, erythroblasts and megakaryocytes (Table 3}.
Thus, it appears that K15 antigen is expressed by immature cells of the
myelocytic series although more mature neutrophilic granulocytes are
non-reactive with mAb K15.

The staining of bone marrow cells by mAb K15 was analyzed by flow
fluorocytometry. The bone marrow cells were resolved into two populations by
light scattering analysis with forward angle and 90° light scattering. One
population with more light scattering was arbitrarily termed the "large cell”
population while that with less light scattering, the "small cells". These
two populations were analyzed with a panel of mAb. It is apparent that the
small cell population contained lymphocytes of both T and B cell lineages and
most of the HLA-DR* cells (Table 4). After the depletion of both T and B
cells, variable portions of the small cells stained with mAb K15, mAb Josh 524
(anti-HLA-DR) and Leu !0 (anti-HLA-DC). A small percentage of the large cells
were shown to be positive for HLA-DR and the K15 antigen. Whether these cells
are the reactive myeloblasts remains to be determined. The staining patterns
of the two cell populations by mAb K15 is shown in Figure 3. It is of
interest to note that mAb K15 stained a subpopulation of small bone marrow
cells brightly. Analysis by log integrated green fluorescence indicated that

this was a distinct population.

Antigen K15 is on progenitor cells of CFU-GM and BFU-E

Bone marrow cells were separated into KI5% and K15~ cells by an immune

rosette method. The isolated populations were cultured in methylcellulose
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supplemented with PHA stimulated PBMC conditioned medium and erythropoietin.
CFU-GM and BFU-E were counted after 14 days. As shown in Table 5, the vast
majority of the progenitor cells of CFU-GM and BFU-E were in the K15% fractien.
This has been demonstrated in four separate experiments. In two experiments
with an agar culture system for the determinations of CFU-GM (7 days), the
CFU-GM progenitor cells were also found to be in the K15% cell fraction. It
is also evident that some degree of enrichment for CFU-GM and BFU-E progenitor
cells was achieved when cells were separated by this method within Ab K15.

For comparison, mAdb Josh 524 (anti-HLA-DR) was used to isolate HLA-DR* and
HLA-DR™ cell populations. The enrichment of CFU-GM and BFU-E was comparable
when the results with mAb K15 and mAb Josh 524 were compared.

Because mAb K15 is a complement fixing antibody, the expression of K15

antigen on CFU-GM and BFU-E progenitor cells was also studied by elimination
of K15% by mAb K15 in the presence of complement. In three experiments,
treatment of bone marrow cells by mAb K15 and complement reduced 90-96% of
CFU~GM and BFU-E. Thus, these data were in agreement with those presented in

Table 5.

Further enrichment of BFU-E progenitor cells

Further enrichment of BFU-E progenitor cells were attempted with mAb KI5
and additional monoclonal antibodies. As shown in Table 6, untreated bone
marrow cells yielded 242 % 12 BFU-E/109 cells plated. With the depletion of T
and B cells, E"slIg~ bone marrow cells were enriched for BFU-E progenitor cells.
In order to eliminate the monomyelocytic cells and their progenitor cells, mAb
HB8 which stained monocytes, granulocytes, immature cells in this lineage and
CFU-GM progenitors was used. After mAb HB plus complement treatment, the
cells were positively selected for K15 antigen expression. 1In the resulting
E~sIg~H87K15% bone marrow cells, ~24~fold enrichment of BFU-E
progenitors was observed. A further step was carried out to select HLA-DR*
cells from the E"sIg"H87K15*% population, th. final population was
E-sIg~HB8 K15 HLA-DR*. Approximately 2% of the starting cells were recovered.
In this population, 11,500 BFU-E/107 plated cells were observed. This
represents approximately a 48-fold enrichment. 1In *his experiment, irradiated
autologous bone marrow cells were added to provide optimal burst promoting

activity.
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DISCUSSION

mAb KI5 identifies a 22 kD surface antigen on monocytes, lymphocytes of
both B and T lineages, immature hematopoietic cells and progenitor cells of
CFU-GM and BFU-E. This 22 kD antigen has also been shown to be on AML, aMOL,
CML, ALL and CLL cells. It is of interest to note that two of B cell CLL
cases were non-reactive, suggesting that a minor B cell population may lack
this antigen. Although the progenitor cells of CFU-GM and BFU-E are reactive
to mAb K15, erythroblasts, erythrocytes and neutrophilic granulocytes are
nonreactive. In addition, eosinophilic granulocytes retain the expression of
K15 antigen. The selective loss of a surface antigen during differentiation
by cells of certain lineages is of considerable interest. This may provide
clues to the function of K15 antigen.

The molecular weight of K13 antigen and the staining pattern of
hematopoietic cells by mAb K15 suggest that our antibody identifies a similar
antigen as that by mAb $5.7 reported by Pessano, et al. (21). The antigen
identified by mAb S5.7 was identified to be a 20 kD protein. It was also
reported that 10%2 of U937 cells were reactive. These minor differences
between mAb K15 and S5.7 is probably not real. The minor difference in
molecular weight of the reative antigen may be due to the different gel
electrophoresis systems and the less reactivity of U937 may be due to
different sublines of U937. Definitive identity between these two antigens
can be obtained in sequential precipitative experiments involving mAb K15 and
S5.7.

The antigen K15 was shown on the progenitor cells of CFU-GM and BFU-E by
two different methods. Treatment of bone marrow cells with mAb K15 and
complement abolished both CFU-GM and BFU-E. More importantly, positively
selected K15* bone marrow cells were enriched for both CFU-GM and BFU-E
progenitor cells. The enrichment was comparable to that of HLA-DR* bone
marrow cells. Although CFU-GEMM was not determined quantitatively in the
present investigation, mixed colonies were observed on several occasions in
the K15% bone marrow cell cultures. Although more definitive experiments are
needed, these observations would suggest that K15 antigen may be expressed in
more immature hematopoietic cells. Recently, mAb My-10 has been used to
enrich for colony forming cells (22). These colony forming cells of different

lineages as well as mixed lineages were identified to be larger than
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lymphocytes and neutrophiles, round and evenly refractile. Isolation of these
cells w d also help to determine if K15 antigen is present on more immature
progenitors.

With a combination of monoclonal antibodies against T and B cells, cells
of the monocyte-granulocyte lineage and HLA~DR antigen in addition to mAb K15,
a bone marrow cell population with 11.5%7 cloning efficiency for BFU-E
progenitor cells was obtained. This degree of enrichment is comparable to the
approaches utilized by Lynch and Nathan (7), Civin, et al. (4) and Bodger, et
al. (5). Our selection method did not take into consideration K15 antigen
density on the bone marrow. As shown in Figure 3, the bone marrow cells could
be resolved into K15 bright and K15 dim populations. It would be of interest
to determine if future enrichment of BFU-El progenitor cells is possible when

K15% cells are sorted into K15 dim and K15 bright populations.
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Table B-1. Expression of K15 surface antigen by peripheral blood cells
and thymocytes detected by flow cytometry with mAb KI5

Cell types % staining

Peripheral blood (6)*

Lymphocytes 95.4 ¥ 3.3
Monocytes >80
Granulocytes 4.7 ¥ 2.5%%
Platelets <1
Erythrocytes <1
Thymocytes (3) 43.6 ¥ 4.3

*The number of samples analyzed. Data were presented as the mean of the
samples studied.

**The staining cells were shown to be predominantly eosinophiles as shown
in Table 2.
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various hematopoietic lineages by mAb K15

Table B-2. Immunofluorescence staining of leukemic cells and cell lines of

Leukemic Cells

i,

on three separate occasions.

36

**51% of 8866P cells stained and 36% of SeD cells were positive.

1 Acute myeloblastic (6) 4%
Acute moncmyeloblastic (1) ++
Chronic myelogenous (2) ++
Non-T acute lymphoblastic (3) +4+
{ T cell acute lymphoblastic (1) ++
B cell chronic lymphocytic (&) ++
% (2) -
{ T cell chronic lymphocytic (1) ++
Cell lines
Non-lymphoid lines: ML-1, KG-1, HL-60, HEL, K562 and U937 ++
l Lymphoblastoid lines: 8402, Molt 4, Jurkat, CEM and MT-1 ++
B lymphoblastoid lines: Raji, Daudi, 32a, and Josh-7 ++
] B lymphoblastoid lines: 8866P and SeD +h %
1
{ *++indicates more than 75% of the cells stained. All cell lines were studied



.

Table B-3. Expression of Kl5 antigen by normal bone marrow cells as
detected by mAb K15%

Myeloblasts +
Promyeloblasts +
Myeiocytes, neutrophilic -
Metamyelocytes, neutrophilic -

Neutrophilic granulocytes -

Eosinophilic granulocytes +
Erythroblasts -
Megakaryocytes -
Lymphocytes +
Monocytes +

*Data was obtained by morphological examination of K15% and K15~ bone marrow
cells separated by an immune rosette method.

37




Table B-4. Expression of the Kl5 antigen by two populations of bone marrow
(BM) cells by light scattering analysis

Unfractionated BM cells E”™sIg™ BM cells
Monoclonal antibody Large Small Large Small
K15 4, 3%* 56.8 5.1 S4.4
3 TE (T11l) <1 48.0 <1 3.5
E Josh 524 (HLA-DR) 10.0 27.0 6.1 48.2
Leu 10 (HLA-DC) <1 17.6 <1 22.3

M3 (anti-p) <1 8.5 <1 <1

Bl <1 9.5 <1 <1

*Cell populations were gated on forward angle vs 90° light scattering. The

cell population with more light scattering is termed a "large" cell popula-

{ tion and that with less light scattering, the "small" cell population.
E"sIg™BM~™ cells were obtained by the depletion of T1ll* and u* cells.

**Percent of positive cells. This is a representative experiment of analysis
on three bone marrow aspirates.
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Table B-5. KLl5 antigen is expressed on progenitor cells of CFU-GM and BFU-E*

Colonies/105 cells plated
r Experiments Cell population CFU-GM BFU-E
1 Untreated 77 ¥ 15 275 * 16
K15* 97 4 470 % 15
K15~ 0 0
HLA-DR* 120 £ 7 522 * 52
; HLA-DR™
t
2 Untreated 101 ¥ 9 626 ¥ 31
K15* 358 I 33 1138 * 77
] K15~ 2 ¥ 12 4
’
b 3 Untreated 96 10 459 % 27
K15* 311 * 85 1425 * 88
K15~ 15 £ 12 10 = 14
HLA-DR* 461 * 127 1493 % 98
HLA-DR~ 5 ¥4 9 t g
4 Untreated 77 £ 12 380 ¥ 23
K15* 325 T 25 1339 * 104
K15~ 0
HLA-DR* 191 = 39 1396 * 246
HLA-DR- 1 3

*BM cells were separated into two populations with either mAb K15 or mAb Josh
524 (anti-HLA-DR) by an immune rosette method. Data were presented as the
average of four cultures.
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Table B-6. Enrichment of progenitor cells of BFU-E with monoclonal

antibodies™

Cell population BFU-E/105 cells plated
Untreated 242 T 12
E-sIgM™ 439 t 60
E-sIgM"H8"K15* 5750 * 540
E~sIgM"H8 K15*-HLA-DR* 11500 * 1100

*In this experiment, 105 irradiated (1500 rad) autologous bone marrow cells
were added to each plate as a source of burst promoting activities. Isolated
bone marrow cells were plated at 103, 104 and 103 per plate for BFU-E assays.
For isolation of cell populations, mAb TE (Tll, receptor for sheep RBC), mAb
M3 (anti-p) were used to obtain E"sIgM™BM cells. mAb H8 which stains cells
in the GM series and the progenitor cells of CFU-GM was used to obtain
E~sIgM™H8~ population. K15% cells were selected positively to obtain the
E~sIgM"H87K15* population. This population was further selected for HLA-DR*
cells with mAb Josh 524 to obtain E”"sIgM"H8 K15*HLA-DR* cells.
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Figure B-1. A 22 kD polypeptide was precipitated by mAb K15 from 125I-labeled
K562 cells (Lane 1). No protein was precipitated by a control IgGj antibody
(Lane 2). 157 polyacrylamide gel was used.
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Figure B-2. Fluorocytometric analysis of staining patterns of peripheral
blood nucleated cells by mAb K15. Integrated fluorescence was measured by an
Epics V instrument with 10,000 cells counted. , control mAb; mAb KI15.
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Staining vatterns of E*tslg~ bone marrow cells by mAb K15.
s were prepared by the depletion of T11™ (detected by

Fractionated bone marrow cells
The

Figure B-3.
E~slg™ bone marrow cel.
mAb TE) and p* (detected by mAb M3) cells.
were gated into two populations by fowrd angle vs 90° light scattering.
cells with more light scattering characteristics was arbitrarily termed

"large" cells. The other cell populations was called "small" cells.

control mAb; mAb K15.
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ABSTRACT

A panel of monoclonal antibodies (mAb) were established with HEL, a human
erythroleukemia cell line as immunogen. Four of them were shown to be
reactive with platelets and megakaryocytes. mAb H229 (IgG)) precipitated a
43kD glycoprotein from HEL cells and platelets. The reactive antigen appeared
to be restricted to platelets and megakaryocytes. mAb H124 (IgM) was reactive
with a complex of 140~150kD/90-94kD on HEL cells. 1In contrast, a single band
of 130kD was precipitated from 1251-io0dinated platelets. mAb H124 stained
mature and nucleated erythrocytes, erythroblasts and a subpopulation of
resting and activated T cells. mAb H4 (IgGjp) stained monocytes and
precipitated a 140/100kD complex. Ag identified by mAb H5(IgGgy) had a broad
cellular distribution. The reactive cells included monocytes, eosinophils,
thymocytes, subpopulations of resting and activated T and B lymphocytes and
certain myeloblasts. These mAb did not react with significant numbers of
neutrophilic granulocytes and their precursors. A small number of bone marrow
cells with less light scattering characteristics than myeloid cells, were
reactive with mAb H124 and H5. By complement mediated cytolysis and an immune
rosette method, antigen H124 was shown to be on BFU-E and H5 on CFU-GM.
Studies with leukemia cells and cell lines yielded results, generally
reflective of antigen distribution on normal cells. However, cells of two CML
patients who were not in blastic crisis, stained with three of these mAb
(H229, H124 and H5). The relationship between these mAb and those previously
reported and the utilization of these mAb and HEL to probe hematopoiesis are

discussed.
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INTRODUCTION

Monoclonal antibodies (mAb) specific for the major human platelet
glycoprotein complexes (Ia/Ib and 1Ib/IIla) have been reported and utilized to
probe the function of these complexes (1-12). 1In the case of the IIb/IIIa
glycoprotein complex, it has been assumed to be preferentially expressed by
platelets. Recent evidence indicates that this complex may also be
synthesized by monocytes (13). Monoclonal antibodies against other shared
determinants between platelets and various hematopoietic cells have also been
established. These include antigens common on platelets and monocytes
(13,14), on platelets and common acute lymphoblastic leukemia (ALL) cells
(15,16) and on platelets, monocytes and nucleated erythrocytes (17).

Recently, attempts to generate monoclonal antibodies to non-lymphoid cell
lines in our laboratory have lead to the establishment of monoclonal
antibodies reactive with CFU-GM and BFU-E progenitors (18,19). With HEL, a
human erytholeukemia cell line (20) as immunogen, several monoclonal
antibodies reactive with platelets were encountered. Four of them (mAb H229,
mAb H124, mAb H4 and mAb H5) have been characterized. They were reactive with
megakaryocytes. In addition, their reactivities to hematopoietic cells and
certain progenitors (CFU-GM and CFU-E) presented a distinct pattern of

platelet associated antigen expression.
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MATERIAL AND METHODS

Monoclonal Antibodies

HEL, a human erythroleukemia cell line was kindly provided by Dr. P.
Martin of the Fred Hutchinson Cancer Research Center, Seattle, WA. Ten week
old BCqF| or Balb/C mice were injected with 2 x 107 HEL cells
intraperitoneally (i.p.) with 4 mg alum as adjuvant. Three weeks later, 2 x
107 HEL cells were injected i.p. in phosphate buffer saline (PBS). Spleens
were taken three days later for fusions with SP2/0 Agl4 tumor cell line with
PEG1000. Their supernatants were screened by indirect immunofluorescence.
The desired hybridomas were cloned on agarose with fibroblasts as feeders.
Details of these procedures have been described previously (21).

Other monoclonal antibodies used in the present studies are mAb Josh 524,
mAb M3, mAb TE, mAb H8, LeulO and Bl. The first four antibodies were
generated in our laboratory. mAb Josh 524 (IgG;) is specific for HLA-DR. It
precipitated a 29/34 kD bimolecular complex. mAb M3 (IgG;) is specific for p
chain. mAb TE (IgGy) blocked rosette formation between T cells and sheep
erythrocytes. It precipitated a 55kD glycoprotein. It is equivalenc to
anti-Tl]l mAb. LeulQO, an anti-HLA-DC antibody, was obtained from
Becton-Dickinson, Mountain View, CA. Bl, a B cell specific mAb, was obtained
from Coulter Immunology (Hialeah, FL). As appropriate control mAb, NS8-1}
(1gGyp , anti-sheep RBC), NS4.1 (IgM, anti-sheep RBC) and HDP-1 (IgG,
anti-DNP) are used. These antibodies were kindly provided to us by Dr. J.

Davie of Washington University, St. Louis, MO.

Cell Preparation

Defibrinated blood from normal volunteers was used as a source of
peripheral blood mononuclear cells (PMNC). PMNC were isolated by
Ficoll/Hypaque gradient centrifugation. T cells and non-T cells were
separated by a rosette formation method with sheep red cells. Phagocytic
cells were removed from non-T cell preparation by the incubation of non-T
cells with carbonyl iron and the removal of iron-ingested cells with a magnet.
These procedures were described previously (22). Monocytes were separated by
Percoll continuous gradient centrifugation (23). To minimize the attachment
of platelets to monocytes, all solutions contained 5mM EDTA. The monocytes

were washed with PBS, 5mM EDTA prior to being used for indirect

48




immunofluorescence. Granulocytes were isolated from the peripheral blood as
the pellet fraction after Ficoll-Hypaque density gradient centrifugation.
Contaminating erythrocytes were removed by centrifugation on a 60%, 65% and
70% Percoll discontinuous density gradient. The purify of the granulocyte
fraction was more than 947 as determined by Wright-Giemsa staining. Platelets
were isolated from citrated platelet-rich plasma and erythrocytes from the
pellets of Ficoll-Hypaque gradients of peripheral blood cells.

Leukemia cells of different lineages were isolated from the peripheral
blood of the affected patients by Ficoll-Hypaque gradient centrifugation.

They were cryopreserved and recovered prior to staining.

Cell Lines

In addition to HEL, U937, a histocytic/monocytoid cell line; ML-1 and
KGl, myeloblastic cell lines; K562, an erythroid/myeloid line from a patient
with CML in blastic crisis; and HL-60, a promyelocytic cell line, were used as
nonlymphoid lines. For T leukemia cell lines, RPMI-8402, MT-1, Molt-4, Jurkat
and CEM were used. As B lymphoblastoid cell lines, Raji, Daudi, Josh-7, a
pre-B cell line (24), 8866P (IgG); 32al, (IgA producing) and SeD (25) were
used. -All cell lines were cultured in RPMI-1640 supplemented with 0% fetal

bovine serum (FBS).

Bone Marrow Cells and Bone Marrow Cultures

Bone marrow cells were obtained from normal volunteers. They were
separated by Ficoll-Hypaque density centrifugation to remove erythrocytes and
mature granulocytes. Separated bone marrow cells were subjected to an immune
rosette method (26) to obtain cells reactive with the monoclonal antibody of
interest or they were subjected to a complement mediated cytolysis procedure
to deplete the reactive cells. In the immune rosette method, 2 x 107 bone
marrow cells were incubated with the supernatant containing the mAb under
investigation for 30 minutes at 4°C. After three washings with RPMI- 1640 and
10% FBS, the bone marrow cells were incubated with 10 human AB red cells
coated with F(ab')y fragments of affinity purified goat antibodies specific
for mouse Ig for 30 minutes at 4°C. The rosetting cells were separated from
the non-~rosetting cells by Ficoll-Hypaque centrifugation. The red cells in
the pellet were lysed with buffered (NH,)5S0,. For the complement mediated

cytolysis procedure, 0.5 ml of 2 x 1C7/ml of bone marrow cells were incubated
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with 0.5 ml of hybridoma culture supernatant for 30 min at 37°C. 1.0 ml of

baby rabbit complement (Pel Freez Bilogicals, Rogers, AR) was added and the
mixture was incubated for 45 min at room temperature. Dead cells were removed
by centrifugation on a Ficoll-Hypaque gradient. Bone marrow cells were
cultured in quadruplicates in Iscove's modified Dulbecco's medium containing
0.9% methyl-cellulose, 102 conditioned medium from human peripheral blood
leukocytes stimulated with phytohemagglutinin (PHA-LCM) and 30% FBS. One unit
of erythropoietin (sheep fraction III, Connaught, Toronto, ONT) was added to
each plate. This procedure was essentially that described by Messner, et al.
(27). Hemoglobin-containing single or multiple colonies of greater than 64
cells on the l4th day were scored as BFU-E. This culture system also allowed

CFU-GM colony formation. Colonies of greater than 40 cells on the l4th day

were scored as CFU-CM.

Immunof luorescence Studies

Cells (0.05-1.0 x 106) were first incubated with hybridoma culture
supernatants for 20 min. After three washings with 0.0l M phosphate buffered
saline with 1% bovine plasma albumin, fluorescein labeled F(ab')y of affinity
purified goat anti-mouse Ig antibodies were added and a 20 min incubation at
4°C was carried out. After three washing, cells were analyzed with a Coulter
Epics V flow cytometer (Coulter Electronics, Hialeah, FL). Integrated
fluorescence of the population gated by forward angle light scatter and right

angle light scatter was measured and 10,000 cells were analyzed.

Iodination and Immunoprecipitation

Cells were iodinated in suspension by the method of Hubbard and Cohn (28).
Briefly, 1 x 1010 platelets, 2 x 107 HEL cells or 2 x 107 monocytes were
incubated with 1 mCi/ml Na 1251, 50 mU/mi type V glucose oxidase (Sigma, St.
Louis, MO), and 10 pg/ml lactoperoxidase (LPO; Calbiochem-Behring Corp., San
Diego, CA) for 15 min on ice. The reaction was terminated by aspirating the
supernatant and repeated washings with RPMI-1640. After iodination,
immunoprecipitation, gel electrolysis and autoradiography were performed as

described previously (29).
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RESULTS

Characterization of mAb H229, H124, H4 and H5

Hybridoma H229, HI24, H4 and H5 were generated from two independant
fusions. Hybridoma H4 was a fusion product between a BC3F) spleen cell and a
SP2/0 Agl4 cell. The other three hybridomas were from a fusion with Balb/C
spleen cells. By ELISA, mAb H229 was typed to be IgG;; mAb H124, IgM;
mAb H4 and H4, IgGjp. Except for mAb H229, these mAb fixed complement.

with 1251 labeled HEL cells and under reduced condition for SDS gel
electrophoresis, mAb H229 precipitated a 43kD glycoprotein (Figure 1, Lane 1).
A similar glycoprotein was precipitated from platelets. mAb 124 brought down
two broad bands in the regions of 140-150kD and 90-94kD (Figure 1, Lane 2).
These two broad bands were also seen when the gel electrophoresis was run
under non-reduced condition. In contrast to HEL, a single band of 130kD was
precipitated by mAb H124 from 1251 1abeled platelets (Figure 1, Lane 3). This
difference in antigenic structures on HEL and platelets was demonstrated in
three other experiments. mAb H4 precipitated a non-covalently linked dimer of
140kD/100kD (Figure !, Lane 5). The upper band was much less well labeled.
This observation was seen in two other immunoprecipitation experiments. In
one experiment, only the 140kD component was precipitated. In the case of mAb
H4, a 26kD polypeptide was identified (Figure 1, Lane 7). For mAb H4 and H5,
similar glycoproteins were precipitatea from 1251 1abeled monocytes and

platelets.

Reactivity with Peripheral Blood Cells and Thymocytes

The cellular distribution of the reactive antigens by mAb H229, H124, H4
and H5 was analyzed by indirect immunofluorescence with an Epic V flow
cytometer. From peripheral blood, platelets, monocytes, granulocytes,
lymphocytes and erythrocytes were isolated. These cell preparations contained
greater than 90% of the desired cells. The cells were first gated by forward
angle and 90° light scattering. Integrated green fluorescence was measured on
the gated population. The results are summarized in Table | and shown in
Figures 2 and 3. All four antibodies stained platelets well. mAb H4 gave the
most intense staining with most if not all the platelets at the last channel
of fluorescence intensity. The other three mAb showed heterogeneious staining

intensities within the platelet population (Figure 2).
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For peripheral blood nucleated cells, both mAb H224 and H4 did not stain

a significant number of lymphocytes. mAb H5 stained a small population
(7.6%3.6) weakly whereas mAb H124 stained a small population (6.8%5.9%2)
brightly (Figure 3A). The reactive lymphocyte populations with mAb H5 and
H124 varied greatly in numbers for different individuals. Although these
monoclonal antibodies were of different isotypes, control antibodies of
different isotypes gave similar staining patterns. For simplicity, only one
control curve is included in each panel of Figure 3. 1In the case of
monocytes, no significant staining was seen with mAb H229 and H124. Both mAb
H4 and H5 gave considerable staining on the majority of the monocytes (Figure
3B). For granulocytes, three mAb (H229, H124 and H4) showed no reactivity.
mAb H5 stained 7.5%3.6% of the granulocytes in six determinations. The

staining of this minor population was distinct and intense (Figure 3C). The
granulocytes which were incubated with mAb H5 and formed rosettes with human
red cells coated with F(ab')y of goat anti-mouse Ig, were identified to be
eosinophils by Wright-Geimsa staining.

The reactivity of these mAb with thymocytes were also studied. mAb H5
stained 29.0%9.6%2 of the thymocytes in three separate experiments. The other
three mAb did not react significantly with these cells. mAb TE (T|}) and Josh
524(HLA-DR) were included in Table 1 to show some of the characteristics of

the cell populations.

Expression of Platelet Associated Antigens on Activated T and B Cells

As shown in Table 2, mAb H124 stained a small population of T cells but
not B cells in a representative experiment. 1In contrast, mAb H5 reacted with
a subpopulation of T and B cells. Both mAb H229 and H4 failed to stain
isolated T and B cells. This agrees with their nonreactivity with lymphoid
cells. Both mAb H124 and H5 were reactive with substantial numbers of Con A

activated T cells. mAb H5 also stained a portion of activated B cells which
were treated with anti-p and conditioned medium containing B cell growth
factor (30). Although not presented, two additional experiments gave similar

results.

Staining Patterns on Hematopoietic Cell Lines and Leukemic Cells

Antigen expression by various human hematopoietic cell lines is shown in

Table 3. Of six non-lymphoid lines, four mAb stained HEL cells, the immunogen.
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mAb H229, H124 and H4 stained greater than 95% HEL cells. However, only
41.724.7% of HEL cells were stained by mAb H5. mAb H229 stained KG-1 cells.
mAb H124 reacted with a population of K562 and KG-1 cells. mAb H4 and H5 did
not stain the other five non-lymphoid cell lines. Of five T leukemia cell
lines, mAb H224 stained a small population of Jurkat and CEM cells, whereas
mAb H5 stained a major population of 8402, MT-1 and Molt-4 cells. The other
two mAb did not stain any of these T cell line cells. All four mAb failed to
react with five B cell lines with one exception. mAb H229 stained the
majority of the cells in an IgA producing cell line 32al.

Leukemic cells of both myeloid and lymphoid origin were examined for the
expression of these platelet associated antigens (Table 4). mAb H229, H124
and H4 stained a minor population of certain AML blasts whereas mAb H5 stained
varying numbers of AML blasts in all six cases. 1In a case of acute
myelomonocytic leukemia, mAb H124 and H5 stained 27.7% and 89.0% of the cells
respectively. Cells of two cases of CML were reactive with mAb H229, H124 and
H5 but not with H4. mAb H4 and HS5 were reactive with blasts of three cases of
ALL, one of which was of T cell origin. Despite its non-reactivity with B
lymphoblastoid cell lines, mAb HS5 was reactive with varying numbers of
leukemic B cells in six of seven CLL cases. The other three antibodies did

not react with any CLL cells.

Antigenic Expression on Bone Marrow Cells.

The reactivity of bone marrow cells were studied. Bone marrow cells were
reactive with mAb under investigation and the rcactive cells were isolated
with human erythrocytes coated with F(ab')y of goat anti-mouse Ig antibodies
by an immune rosette method. The separated reactive and non-reactive cells
were stained with Wright-Geimsa stain and examined morphologically. Aa shown
in Table 5, all four mAb were reactive with megakaryocytes. Except for mAb
H5, none of these mAb was reactive with cells in the myeloid lineage. mAb H5
reacted with myeloblasts and eosinophiles and their precursors. Of the four
mAb, only mAb H124 reacted with both mature and inmature erythroid cells.
Both mAb H4 and H5 reacted with monocytes. A significant number of the
lymphocytes were also reactive with mAb H124 and mAb HS.

The staining of bone marrow cells was also analyzed by flow cytometry.
The bone marrow cells were resolved into two populations by forward angle and
90° light scattering analysis. One population with more light scattering was

arbitrarily termed the "large cell"” population while that with less light
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scattering, the "small cell" population. These two populations were analyzed
with a panel of mAb (Table 6). 1In the case of unseparated bone marrow samples
which were often contaminated with peripheral blood, the ratio between cell
numbers of the "large cell" and "small cell” populations was approximately [:1.
The small cell population contained lymphocytes of B and T cell lineages and
most of the HLA-DR* cells. The big cell population contained predominantly
cells of the myelomonocytic lineage. This was shown with a panel of mAb
specific for myloid and monocytic cells (19). With depletion of T and B

cells, the ratio between the big and small cells was approximately 4:1. As
shown in Table 6, none of the mAb H229, H124, H4 and H5 stained substantial
numbers of large cells. mAb H229 did not stain cells in the small cell
population while the other three mAb stained a minor population of small cells.
Significantly, mAb H124 and H5 identified a subpopulation of small cells with
bright staining intensities (Figure 4). It remains to be determined if these

reactive populations contain cells with progenitor potential.

Presence of Antigen H124 on BFU-E and Antigen H5 on CFU-GM Progenitors

mAb H124, H4 and HS fixed complement. Using complement mediated
cvtolysis, antigen H124 was found to be present on BFU-E (Table 7). 1In one
experiment, over 95% BFU-E reduction was observed when the bone marrow cells
were treated with mAb H124 plus complement. In another, only 60% reduction
was seen. Similarly, 90-80% CFU-GM reduction was seen when bone marrow cells
were treated with mAb H5 and complement. mAb H4 had no effect on CFU~GM or
BFU-E in this assay system.

These findings were confirmed by an alternative cell seperation method.
As shown in Table 8, H124* cells isolated by an immune rosette method
contained the vast majority of the BFU-E progenitors. In the experiment in
which a significant number of BFU-E was found in the Hl24™ cell population,
the burst size was much larger. This may indicate tnat more immature BFU-E
progenitors express less antigen. It is also of interest that certain
enrichment for BFU-E was achieved by this method. The degree of enrichment
was similar to that with our anti-HLA-DR mAb. 1In the case of mAb HS, CFU-GM
was found predominantly in the H5* population, while BFU~E in the HS5~
population. Both CFU-GM and BFU-E were found to be in the H229~ or H4~
population, indicating the absence of these antigens on CFU-GM and BFU-E
progenitors. As a control, all CFU-GM and BFU-E were found in the HLA-DR*

population.
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DISCUSSION

Four monoclonal antibodies specific for platelet associated antigens have
been established with HEL cells as immunogen. They are reactive with
megakaryocytes as well as platelets. Cellular distribution and
immunoprecipitation studies show that they are reactive with distinct
antigenic determinants. Except for the possible relationship between the H4
antigen and the platelet glycoprotein complex, IIb/IIIa, these antigens appear
not to be associated with the major platelet glycoprotein complexes. These
mAb will be useful for the further investigation of hematopoiesis.

mAb H229 identifies a 43kD glycoprotein from both HEL cells and platelets.
Although the expression of H229 was demonstrated in certain cell lines and CML
cells, its expression in normal! hematopoietic cells was limited to platelets
and megakaryocytes. To our knowledge, this molecule has not been described.
Thus, mAb H229 identifies a novel platelet specific antigen.

The distribution of antigen H124 is limited to platelets, megakaryocytes,
erythrocytes and a subset of resting and activated T cells. 1Its broader
reactivities toward leukemic cell lines reflect this broad cellular
distribution. mAb Hl24 precipitated two broad bands of 140-150kD and 90-94kD.
In contrast to this precipitated complex from HEL, a single 130kD band was
precipitated from platelets. One possible explanation for the observation is
that mAb H124 is reactive with a determinant that is primarily determined by a
carbohydrate structure on glycoproteins. The polypeptides on HEL and
platelets are not related except that glycosylation provides a common
determinant. This is endogenous to the antigen 1Gl0 (31). mAb 1GlO
identifies a 180kD glycoprotein on untreated HL-60 cells and a 150kD
glycoprotein on differentiated HL-60 cells treated with retinoic acid. The
1G10 antigenic determinant has been identified to be the carbohydrate hapten
with the structure, GalBi-4(Fucal-3)GlcNAcB8l-R. An alternative explanation is
that the band of 130kD from platelets is related to the broad band 140-150kD.
The difference in mobilities is due to further modification of the peptide
backbone structure during differentiation. Peptide mapping of these two
structures will either support or dispute this hypothesis,

mAb H4 reacts with platelets, megakaryocytes and monocytes but not with
other bone marrow cells, leukemic cells or various hematopoietic cell lines.

Its reactive antigen is a 140/100kD bimolecular complex. The 140kD molecular
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moiety has been shown to be consistantly less iodinated in our system. The
cellular distribution and the nature of the antigen suggest that antigen H4 is
very similar to the MPA antigen reported by Burchhardt, et al. (1l4). The
isolation of this antigen from HEL cells and from monocytes isolated from
citrated blood by Percoll gradiant centrifugation rules out the possibility
that the antigen is derived from platelets often adhered to monocytes cue to
in vitro activation. The relationship between H4 antigen and the glycoprotein
complex IIb/IIla is worthy of further exploration because of the similarity of
molecular weights between these two complexes. This is particularly relevent
in view of the staining of HEL cells by an anti-IIb/IIIa mAb (32). The recent
demonstration that certain mAb specific for the IIb/IIIa complex stain
monocytes (13) further supports the possibility that H4 antigen is the
IIb/I1Ta complex. Sequential immunoprecipitation experiments involving mAb H4
and mAb specific for the IIb/IIIa complex will resolve this question.

Of the four monoclonal antibodies reactive with platelets, mAb H5 has the
broadest cellular distribution. It reacts with platelets, megakaryocytes,
monocytes, eosinophiles and subpopulations of thymocytes, resting and
activated T and B cells. It stains most leukemic cells of diverse lineages.
mAb H5 precipitates a 26kD molecule from either platelets or HEL cells. The
molecular weight of H5 is very similar to those identified by mAb DU-ALL-1
(15), CALL-1 (16), FMC-8 (33), BA-2 (34) and TP82 (35). All these antigens
have been identified to be 24kD. Although cellular distribution of HS5 differs
from those of the above antigens, direct comparison between these mAb is
needed to allow definitive conclusions regarding identity between these
antigens.

HEL, the immunogen was established from a patient with acute
erythroleukemia (20). This cell line has been shown to be capable of
spontaneous and induced globin synthesis. It is also inducible to undergo a
drastic macrophage-like shift with the phorbol ester, TPA (32).
Papayannopoulou and coworkers have also produced a series of monoclonal
antibodies against HEL (36). Some of them are reactive with platelets and
progenitors of CFU-GM and CFU-E. The generation of anti-platelet antibodies
with HEL as an immunogen in the present investigation and the expression of
mye lomonocytic specific antigens as reported (19) add further support that HEL
is derived from a multipotent progenitor ceil. Unlike K562, an erythroid/

myeloid cell line with multiple lineage surface markers (27-42), HEL expresses
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HLA-DR antigens. It is possible that HEL may also express antigens
preferentially expressed by the human multipotent stem cells. Further
utilization of HEL as an immunogen to generate mAb specific for these cells is
warranted.

The expr:ssion of three of the platelet associated glycoproteins by CML
cells is an unexpected finding (Table 4). This is particularly surprising
because only one of the mAb stained identifiable immature cells in the
granulocytic series. Since these two CML patients were not in blastic crisis
and their cells expressed myelomonocytic antigens (19), this finding adds
further support to the thesis that there is dyshemotopoiesis involving the
multipotent stem cells in CML. A previous study with an anti-platelet
antibody in the study of CML in blastic crisis shows only a rare patient with
blasts expressing both myeloid and platelet markers (43). It is likely that
the employment of multiple markers of a single lineage may provide a more
accurate estimation of the potentials of these CML blasts.

The expression of these platelet associated antigens by hemotopoietic
progenitor cells was investigated on & limited scale. Antigen H124 was
expressed on BFU-E but not on CFU~-GM. Antigen HS was on FU-GM but not on
BFU-E. Neither H229 nor H4 was on these progenitors. It would be of
considerable interest to determine whether these antigens are expressed bv
progenitors of megakaryocyte colonies according to the method of Messner, et

al. (44) and those of the mixed cell (CFU-GEMM) colonies (45).

The expression of H5 by eosinophiles requires further comments. Although
this antigen is not expressed by neutrophilic granulocytes and their
precursor, it is expressed on eosinophiles in a readily detectable quantity.

A 22kD protein which is identified bv a mAb, K15 generated in our laboratory
has a similar distribution on granulocytes and their precursors (1l7) mAb K15
stains eosinophilic granulocytes but not neutrophiles although it also reacts
with promyeloblasts and myeloblasts. mAb K15 stains the majority of the
monocytes. Both K15 and H5 antigens are expressed on CFU-GM. The selective
retention of K15 and H5 antigens on monocytes ard eosinophiles gives clues to
the possible function of these antigens. These findings also provide

supportive evidence that CFU-GM and CFU-E are distinct.
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Table C-2. Antigenic Expression of H124 and H5 by resting and activated T and
non-T cells

Cell type

Monoclonal Antibody T B Activated T Activated B
H124 7.6(%) 2.0 41.9 <1
H5 13.0 46.1 73.0 42.1
H229 <1 <1 <1 <1

i H4 <1 <1 2.7 <1

y
TE (Sheep RBC Receptor) 98.6 2.6 95.8 10.4
Josh 524 (HLA-DR) 4.8 95.3 N.D. N.D.

' H8 (anti-Myelomonocytic) <1 <1 <1 <l

& *612 of the activated B cells were positive for Bl.
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Table C-3. Antigenic Expression by various hematopoietic cell lines.
Monoclonal Antibody

Cell line Cell type H229 H124 H& H5
HEL Erythroleukemia 97.6%1.6 98.3%2.1 97.8%1.9 4l.7%4.7
K562 Erythroid/Myeloid <1 56.8%7.3 <1 <1
KG-1 Myeloblastic 91.2%3.7 28.2%5.9 <l <1
ML-1 Myeloblastic <l <l <l <1
HL-60 Promyelocytic <1 <1 <l <1
U937 Histocylic/Monocytoid <1 <1 <1 <1
8402 T leukemia <1 <l <1 72.1%5.3
MT-1] T leukemia <1 <1 <1 97.1%1.1
Molt-4 T leukemia <1 <1 <1 83.0%3.9
Jurkat T leukemia <l 34.0%5.9 <1 <]
CEM T leukemia <1 14.9%2.6 <1 <1
Raji, Daudi Burkitt's lymphoma <1 <l N < 1
Josh 7 Precursor B cell <1 <l <l <1
8866P B lymphoblastic <1 <1 <1 <1
SeD CLL <1 <1 <l <1
32a, B lymphoblastic 82.2%6.7 <1 <1 <1

+ L .
Data are presented as mean - standard deviation from 3 experiments.
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Table C-4. Staining of Leukemias of different lineages by anti-HEL mAb.

Monoclonal Antibody

H229 H124 H&4 H5
Acute Myelogenous Leukemia (AML)
1 <1(Z) <1 <l 89.0
2 <1 12.4 <1 90.1
3 <1 16.4 12.9 45.1
4 <1 <1 <1 21.8
5 10.1 <1 <1 32.9
6 <1 <1 10.0 3.8
Acute Myelomonocytic Leukemia (AMML) <l 27.7 <1 89.0
Chronic Myelogenous Leukemia (CML)
1 60.2 15.5 <1 67.2
2 76.5 67.5 <1 42.3
Acute Lymphocytic Leukemia (ALL)
1 T cell <1 25.3 <1 53.3
2 non-T, non-B <1 14.7 <l 86.7
3 non-T, non-~B <l 5.7 <1 53.3
Chronic Lymphocytic Leukemia (B Cell) (CLL)
{ <1 <1 <1 38.6
2 <1 <1 <1 53.0
3 <1 <1 <1 9.5
4 <l <1 <1 44.8
5 <1 <1 <1 68.2
6 <1 <1 <1 77.2
7 <1 <1 <1
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Table C-5. Expression of H229, R124, H4 and HS antigens by bone Marrow Cells.

Cell type

Monoclonal Antibody

H229 H124 H4 H5

Megakaryocyte

Myeloblasts
Promyeloblast
Myelocyte
Metamyelocyte
Neutrophile
Eosinophile
Erythroid - blast

- nucleated

Monocyte
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Table C-7. Expression of H124 on BFU-E progenitors and H5 on CFU-GM
progenitors respectively as demonstrated by complement (C')
cytolysia.

Colonies/107 cell plated
Bone Marrow Cell

Experiment Treatment BFU-E GFU-GM
1 Untreated 86t16 87%4
C' alone 98%34 97%g

C' + mAbl24 32 10524
2 Untreated 82131 97%27
C' alone 83%9 98113

C' + mAbl24 31313 105%8

3 Untreated 2465712 163%7
C' alone 276%71 172%26

C' + mAbl24 51210 173%7

C' + mAb H5 260334 12%4

4 Untreated 26212 766
C' alone 224335 835

C' + mAb H5 229%14 16%7
C' + mAb H&4 321220 83%16

5 Untreated 88:14 4p-7
C' alone 106240 52%7
C' + mAb Ha 133242 60121

* Lo -
Data were presented as the mean ! standard deviation of quadruplicate

cultures.
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Table C-8.

Expression of Antigen H229, Hl24, H4 and H5 by BFU-E and CFU-GM
Progenitors.

Bone Marrow

BFU-E/107 cells plated

CFU-GM/ 109 cells plated

all type I II I 11
Unseparated 275516 35841 7715 117535
H220* 53219 36%7 28%9 12211
H229~ 360258 452129 78%19 132519
HLA-DR* 522%132 1079%62 120%7 343111
HLA-DR™ 1% 3% 2% 3%
Unseparated 358%a1 459%27 117235 26210
H124* 1077175 1720%369 2618 26413
H124" 53227 151 122550 118227
HLA-DR™* 1079262 1493298 363711 4615127
HLA-DR™ 3%1 918 332 554
Unseparated 262512 358241 76%6 117535
HAt 2815 6610 17%5 17512
H4™ 327524 44427 115%22 153512
PLA-DR* 303224 1079262 142%19 343711
HLA-DR™ 23%4 3% 2% 3%
Unseparated 459%27 380223 9610 77512
H5* 6022 28%12 296167 90%7
H5™ 45322 383%22 22%17 2223
HLA-DR* 1493298 13962246 461%127 191239
HLA-DR™ 91g 3%s 5%4 151

*Data were presented as

the mean I standard deviation of quadruplacate

cultures.
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Figure C-1. Reactive antigens from HEL cells and platelets. Panel A.
Immunoprecipitates were run on a 97 SDS polyacrylamide slab gel. mAb H229
precipitated a 43kD molecule from HEL (Lane 1). mAb H124 precipitated two
broad bands of 140-150kD and 90-94kD from HEL cell lysate (Lane 2) while a
130kD molecule was precipitated from platelets (Lane 3). Panel B.
Immunoprecipitate by mAb H4 was run on a 4-11% gradient gel. A 14Q/100kD
bimolecular complex was precipitated from HEL (Lane 5). Panel C.
Immunoprecipitate was run on a 15% gel. A 26kD protein was precipitated bv

mAb HS5 HEL (Lane 7). Lanes 4, 6 and 8 were immunoprecipitates with control
mAb.
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Figure C-2. Fluorocytometric analysis of platelet staining by mAb H229, H124,
44 and HS5 control mAb .... mAb under investigation.
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Figure C-3.
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Staining of lymphocytes (Panel A), monocytes (Panel B) and
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granulocytes (Panel C) as analysed by flow cytometry. A.
control mAb, mAb H229 and H4; ----, mAb H5; and ....
staining by control mAb, mAb229 and H124; ----, mAb H5; and ....
_____ control mAb, mAb H229, Hi24 and H4; and ....

, mAb H124.

, mAb H5.

staining by
B.
, mAb Ha4.

C.
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Figure C-4. Fluorocytometric analysis of staining patterns on small
E-slg ‘bone marrow cells by mAb H229, H124, H4 and H5. E~sIg-bone marrow cells

were prepared by depletion of T cells with neuraminidase treated sheep red
cells and by depletion of B cells by an immune rosette method using an anti-u

monoclonal antibody.
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